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ABSTtACT 


This J4enA *eport/of a short study on detection for sot 1 -guerilla 
operations in 8. E. Asia is divided into two parts. Part One (iisiiiae- 
-» "F.PflUin 3) is tha body of ths repoit containing an intentionally 
concise description of najor findings and recommended programs. Part 
two (BasiiUUI ft iSasngli ID) consists of dstslied Appendices end Pinal 
Technical Smeary Reports, respectively, on requirements, optica) studies, 


radar, acoustf 


fteonhyeics, and aiscallanaous techniques. 


The emphasis of the study has been on novel applications of advanced 
techniques to logically constructed requirements. Operational and enviroo- 
•ants) tactors era reviewed and a logical set of requirements is offered 
and solutions to partially satisfy a majority of these ere outlined. Two 
novel applications of advanced inf*’* -red techniques of potentially general 
applicability are offered. Other applications of infra-red for specialised 
situations are also suggested. A specific use for an unconventional radar 
is discussed and preliminary estimates cf feasibility are given. A survey 


of acoustic detection possibilities is provided and the •pplicob^lty of 
certain geophysical prospecting techniques is examined. Other ldeae of 
unknown feasibility are listed and briefly discussed. 

In all cases either study, research, or test work is needed. A 
program of study snd research is outlined for the methods of major interest 
end potential. Throughout Part Two counts on daslrabla investigations ere 
noted et epproprlete points. 
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This is s final report ol * study for ehs Advanced tassarch Projects 
Agency, addressed to ihs problem of detecting snd identifying guerilla 
operations Lo Southeast Asia. Thrss factors wars to b* considered: the 

requirements for, and the performance necessary, in operational equipnats 
for use by Indigenous troops, the applicability of existing equipments; and 
the potential utility of principles snd eat hods not in currant use. The 
study was to define tnoee laboratory and field tests required for assessment 
of the usefulness and effectiveness of suggested Methods, including certain 
technical evaluations as directed by AEFA. 

Subsequent direction defined the following constraints: The study 

should bo concerned with equipment for military operations solely, and not 
with police, or covert intelligence equipment. The study should concentrate 
on detection ideas and methods not already under intensive investigation by 
the various Services. Extensive systems analysis to determine requirements 
was not desired. 

The motivations for ruch s study ere plain. First, the location of 
guerillas under conditions that permit succasafui attack by friendly forces 
remains one of the greet problems of tr.tl'guerllla operations, gecond, 
advanced detection gear designed for such purposes is generally conspicuous 
by its absence from the T. 0. A I. of U.S. military units and is not to be 
found sL ell in Southeast Aslan military services. Third, such U.S. gear 
aa exists My not be ueeble in the SI Asian theater, or by indigenous troops. 
In the study, e number of requireMnts have been suggested and certain now 
Mthods offered to satisfy them. In every case, some test work woe found 
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to be required and In most instances th t basic date needed to establish 
feasibility van not available. 

Th* motlvetioua for th* constraint* ware, respectively, a raatrlctad 
•las Ion, or anticipated dltf icultlre, political or othaivlee, in utilising 
certain techniques; and a dasir* to avoid duplicating other studies. Th# 
practical raaults of th* constraints have b**n as follows: Certain 

obviously promising solutions to accepted requirements have not bean 
treated (e.g., th* use of polygraph techniques to determine whether particular 
villages harbor guerillas); sutthods of surveillance end reconnaissance la 
comboo nUttery end civil use hav# been eaaalnad, If at ell, only curaorily 
for applicability to this problaa (a.g. ( aerial photo- reconnalaeance and 
aaaeclatad aonltorlng technique# have not baea treated); end, a# broad and 
ayetanatlc analyals of the entire conflict ha# been under taken (i.e., th# 
requirements have been constructed solely on the basis of historical experience, 
a partial appreciation of the conflict, and coaaon aanaa rule#). 

This final report is formulated aa follows: The body of the report. 

Sections 1 through 4, consist of e relatively concise account of tho 
subererro and findings of the study. Details of the work, subs teat la dag data, 
and other Information uf intaraat are given la Sections I through 10, which are 
Appendices. The Appendices ere Urge es ell the pertinent material gathered 
In the study Is Included on the heels that It may ha useful in future work, 
lafarencea to the literature and the Appendices are carried la the body of 
the report, end figures are collected at the ends of eectlooe or subsections. 
Section 3 provides e general bibliography. 




Th* study wee organised on the baare (1) chat tha currant conflict 1 b 
touch Vlatnaa Bight not ba resolved for yaara; (2) that guerilla operations 
la tha iui ganara) pettarn sight spraed to othar parta of II Asia; and O) 
that techniques of gaoaral applicability (l.e., ganarally appllcabla to sat 
lands, Jung las, foraitfJ uplands, aountain araaa, ate.) would ba f . greats at 
lotaraat. Thus, while near-tera solutions to Vlatnaa problsaa vara considered 
to ba Important , tha atudy contemplated potential long-tara applications as 
vail. Uqulreaenta and aulutlou* appllcabla to tha various parts of all of 
•I Asia vara sought. For thasa rasa on ■ two areas, aasuasd to ba cf aajor interest, 
vara examined. South Vlatnaa, vhara a favorabla affact on tha currant comfllet 
alfht ba obtalnad, and Thailand, potentially an araa of conflict. Thailand 
■ora ova r nay ba though: ef h a laboratory reasonably representative, because 
of lta di araa features, of all a AsU, end nuch of South Asia. For 
convents nc a, an outline political nap of II AsU la given In Flgvrn t.l. 

In i'. conventional attack on this problaa one light an be detailed 
surveys of tha stats-of-tha-art In survallUacs and racoons la sane a, including 
antrapoiations, and of tha natural backgrounds of partlnant phsnoanna In tha 
conflict arses, and ralata thaas to oparatlonal needs. Instead, tha follovlng 
approach we a employ**- rat, a preliminary survey of oparatluna and environ- 
■sntsl factors was nada to Indicate sons raqulraaanca and suggest promising 
techniques, [a first-hand report was provided by I. Alanandar, Cron a survey 
trip undertaken in March and April of 1962.3 Tha relatively fsv ganarally 
promising and previously ueexploltad ideas which aaargad from this survey 
ware than examined In sons da call, and carried to rha ataga of recowodlng 
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teat cod rftitrch programs. Thus , a* it happened, no at of tha atfort of tha 
atudy <mi expend rd on specialised pt»blaar of Infrared surveillance, including 


aoaa staple axparlaanta. Kuch of tha tiaa reaalntng wee allocated primarily 
to investigating a variety of techniques, with priority given to those Which, 
on balance, considering teaeibility, operational utility, availability, tod 

! 

simplicity, eeoaad most promising. 

Thle Method of approach wee choaen aa being aoat likely, in w ehort 
• tudy, to produce Immediately vseeful rasulte. 

During the courae of tha a tudy, Project Agile woe organleed into 
aeveral eub-projecta including Project V - Combat gurva 11 lance and Torgat 
Acquisition Systems, which assumed raeponeiblllty for Contract tO-124. I Inca 
a Major element of thla project involvad environmental rasaarch, some additional 
atfort we» davotad to gaining a greater undaracanding of tha importance of 
environmental factors and practical constraints on eparatlonal needs* 

Tha technical findings of thla particular study ara summarised below. 

Details of tha dapth of tha study ralavant to tha findings ara given in tha 
tent: 

1. ho allitery detection eethod waa found which promises an over-all, 
overwhelming adventage for govemaanc forces. 

2. Two previously unexplolted applications of infrared tharmal-mapplng 
techniques nay offer substantial advantages to government forces. 

They ara: 

a) Wake-mapping of submerged lands, and 

b) Datactlon of flraa under forest cover. 

Exploitation of both techniques rrats on acquiring basic data not now 
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la hand. The raaulta ot axparlwsnra m date are not fully understood 
and additional axpartwant a and fi.ld teats ara needed. Inaofar aa 
existing «quip*wnta ara technically iaaalbla for the suggested 
application*, which la warglnal, i^ay ara not generally aultabla for 
uaa by indigenous forcaa. Tha fullaat exploitation of tha p he no wens, 

•• °°» undaratood, would raqulra tha dsvalopwent of oaw equipmnt. 

Haw equipmnt for optimising lira detection, on gaomcrlcal around a, 
la suggested. 

3* With raapact to passive lofrarad equipmnt uaad at short ranges, 
raportad flald taata hava baan aoatly unfavorabla. Additional work la 
oaadad on requiremnta and tba apac If lea t Ion of design parameters. 

4. With raapact to radar; 

a) Aircraft radar aurvalllanca to datact armed personnel coocaalad 
undar foraat cover, or moving undar covar, does not look particularly 
promising. Tha praaant atata of knovladga of typical signal -to -noise 
condition* la, however, lnaufficlant to aattla cha quaatloo. laough 
uacartalnty exists chat baaic experiments ara naadad and ara 
justifiable. 

b) Short- ran* a datactlon of moving paraonnal la cartalaly tachnically 
faaalbla In eartalo altuatlona. Tha oparatlcmal utility of existing 
or advanced equipment la not raaolvad. Additional etudiea ara 
needed. 

c) The uaa of (pacta lltad radar and esaoclated equipment to locate 
tha source of swell arm, hsavy rifle, and mrrer fire f row tha 
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ground, hullcopd^^fr aircraft with sufficient precision for 
return fir:, =ay be feasible and ih?uH b* Irr-ettU*** 4 

5. Acoustic I istenlrg devices for monitoring trails end areas, end for 
detecting or ranging on groups attacking strategic village* are 
technically feasible, in osny caees, suitable gear can be singly 
constructed using netlvs materials. there la, generally^ poor information 
on typical signal -tu-noise for various situations and advantages over 
other Methods are not known. Oparatiunal feaaiblllty for many potential 
applications Is questioned (s.g., in trail monitoring because of tho 
allegedly vest numbers of trails, and the supposedly enormous data* 
handling problems.) Additional studies ara naeded. 

6. Caophyslcal prospecting methode may be of aoma Interest in specialised 
applications (s.g., ssnsltiv* magnetometers to aid La surface laapmetiom 
of limited areas for concealed arms) Further work is required. 

7. a variety of exorlc M coops rartve* idea a involving preferoattal tagging 
of guerillas by chamicsls do not, on balance, seem promising. 

6. In general, environmental data, particularly those relating to 
natural background# of phsnomuna employ id in surveillance, ara sparse. 
Thera la substantial evidence, baaed on other considerations, that local 
(l.e., U . I . and Let in- American) areas ae lac ted for field teats are not 
representative uf St Aslan conditions. An effort to obtain extensive 
detailed deta on certain cleeeee of St Aslan backgrounds would be very 
worthwhile. 

taper lance gained In this study has lad the Contractor to certain nontechnical 
conclusions, pertinent to future work In this area, ditch are, therefore. 
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9. State of the art, development, and research in eurveillenct ara 
widely different In the verioua Service* and other Q.S. agenda*. 
Knowledge la *har«d slowly, at present, and specialised trick* of the 
trade iiiter fro* their origin to other Service* and lift in rattier 
lciauialy fashion, A vigorous across-the-board review of aurvetllaoce 
in counter-insurgency, on the etyle of the well-known technical review* 
of nlseile defense problem would be helpful. Existing program could 
be criticised end gape made evident, sreee of agreement and disagreement 
cou? d be outlined, end key leeuee pinpointed. It la not too auch to 
hop* that an agraad upon over-* 11 progrea could be formulated. 

10. Although the kltk role end aiaalcn under Project Agile haa become 
Increasingly clear, the emphasis on research for lorg-tsrm objactlvaa, 
as contrasted to gedgstserlng for lnaedUtc application, baa not bean 
aada claar. Thar# la aoae confusion In industry quarters concerning 
th# various S*rv lew ala* ions and thair relationship to the A1PA mission 
and, In particular, to ch* rola of isaaarch. 

11. Under th* present program, It saaas that essential long- tar* 
research aay be de-eaphaelsed In favor of special projects designed to 
give short- tar* relief In Vietnam. 

12. Although fairly narrowly defined studies such as the one reported 
hart may be productive, there la e strong possibility that (a) substanti- 
ally greater rata of p. agrees would be obtained with «n effort large 
enough tu sustain a multidisciplinary approach (!•*>, at Isaac one-half 
doaan specialists); (b) experience end data are obtained alowly enough 


1.7 




th«C U would b* v. ichwhil* to Mlnuin any particular aflort for 

At it4*v A tew rt>at». 

1). Flwuy, it i a apparent that quit* divtraa vIcvb axlat on how boot 
to Mftploy advanced technology In country- i na .rgancy operations. Thl* 
pr<'bl«r ot requireweni* cannot b« atatcd In way a which ara ganarally 
acceptable to all workara lo tfc* ftald. Ihla dlvaraity of opinion 
•Ighc be laducad by a atrii.a ot dlacuaalona on actual experlantaa to 
recent military operations in Vtrtn«* and by detailed raporta of 
operational ancountet# and results* 
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SECTION 2 


I 

KQui ipgtrra 

2. ! . Cantul 

Ths term - requirements Is used her* to encompass the Mods and 
desires of ths military aarvlcaa for datactlon and suivel lienee capabilities. 
These ara for operationally feasible ind attractive means to ostect guerillas, 
Chair movements, stores, baaaa , and operations in the regions In './hich they 
operate, or nay operate In the future. Feasibility, in this senao, naans 
Cha net hods uat work consistently, and be useful under conflict conditions, 
and, eventually, be usable by Indiganws troops. To be attractive, the 
aethods Must significantly enhance the probability of success fully attacking 
guerillas, or definitely hamper their operations. 

Two factors are of primary Importance. First, It is necessary to knot 
as quantitatively as possible, what difficulties are imposed by the environ- 
1 sent (c.g., terrain, vegetation, climate, etc.) of the conflict and irtiac 

special opportunitlas are afforded. Second, sines Che nature of conflict 
operations may strongly affect requirements, operational factors oust be 
considered with soma care. The former consideration is discussed briefly in 
2.2, and later in 2.3 following, loth are treated la greater detail in 
Section 6- 

Cuerllla warfare In South Vietnam follows the tradlr local patterns o t 
early conflict established In Chine, North Vietnam, the Philippines, 

Malaya, and Laos, modified Initially by the character of the country end the 
accessibility of sanctuary and mors recently by D. S. - Introduced operations. 
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Guerillas now operate in all part* of S Vietnam, In null teaem, platoon* 

(10 men), aryl companies (90 aoa) . Or^sicaally in batalllon strength, 

or engagements presumably involving larger force* ar* reported. Save 300 
terror Incident* per month are alleged to occur, Involving virtually all of 
South Vietnam, including sabotage, arson, kidnapping, assassination, ambush, 
and attacks on outposts and communities. Sons of the major incidents and 
conflicts publicly reported In the leat year by U S. correspondents ara 
•hwn by the crossed circles in Figure 2.1.1. 

It la believed that thara ara on tha order of 25,000 Viet Cong 
organised regulate and poaslbly 73,000 - 200,000 irregular* and VC village 
defense force*. Many areaa ar* mort or leaa completely under VC control. 
Although, ea in previous guerilla campaigns in their early stages, tha 
government kaepa many more men under arms than thara ar* guerilla regular* 
(perhaps a factor of 10, or more) it la vary difficult to bring thia summr- 
lcal superiority to bear. Great difficulties ar* experienced In reaching 
the scene of attack in time to engage guerillas, in tracking and closing 
with Insurgents sfter terror incidents, in dealing successfully with 
aabusnee, in locating base* , in detecting infiltration from extra territ- 
orial sanctuaries, end in disrupting supply and communication a line* to 
adherents and passive supporters - 

These difficulties arise from s large number of causes; including 
poor coMminlcetions, and transportation problem*. It la generally fait 
by observers on the scene that the difficulties could be greatly alleviated 
by hotter detection technique*. On the basis of experience in guerilla 
conflicts already concluded, and currant experience in Vietnam, a seasonable 

sat of general requirements can be given, bearing in Bind tut general 
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problem* of feasibility end attractiveness , end the constraints discussed 
earlier. Such a list Is given in Table 2.1.1 below: 


Jeble 2. 1. 1 Genera l Requirements for Military Detection 
Primary Purpose - Future Attach 

1. Location of guerilla oases. 

2. Identification of favored routes into and out of bases, 
Internal sanctuaries, and extra* territorial sanctuaries. 

3. Identification of lines of communication and supply to 
supporters . 


Location of stores snd hideaways away from bases. 

Primary Pu-p—- Tmil lste Attack or Defsnse 

5. Warning of ambus haa . 

6. Rapid end precise location of embuehlng fores* end quick 

reaction. i 

7. Warning of, and praclae detection of gutrlllaa mow lug to 
or from ambush or attack of outposts , coMunltles, or 
other fixed altas. 

fl. Precise location of attacking forces und weapons. 

9. Tracking, or real time detection of guerilla movement und 


c °*sr of darkness or natural concealment. 

10. Location of guerillas in temporary concealment (as la brush, 
burrows, or under water). 

11. Rapid, praclae location of vaapona firing on aircraft. 


! 


| 


i 
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In general, 1C la preeuaed that, other thlnga being equal, detection 
l«viuiii|uea wnicii work at long range (s.g., from aircrattj would be preferred, 
and real tiae date-handling would be favored over aethoda which are only 
uaefui for future attack. Next aoat deeirable would be ahort-range reel 
tiae aethoda usable by coabat eleaenta and convoy ercorte. Fixed, abort* 
range, line or area aurvelllance devicea would be of leeaer incereat. 

In thla atudy, aethoda are suggested which aay, if feaaible, partially 
aatlafy Rsquirsm^nts l, 2, 4, 6, 7, 8,9, and 11. Eatiaetea of the feaaibillty 
of aeetlng auch requirements and critarlaffe discussed at appropriate pointe 
in the body of the text. In general, the queetlon of feaaibillty reata on 
fundaaental data not yet In hand and for which, in aoat caeca, no progreae 
exist. 

The tubs act Iona following tuaaarise briefly the envlronaentol end 
operational factors of importance covered in detail la Section 6. 

2-2. Environmental factors 

The Viet Cong have as J or bases at aany points in South Viatnea and, 
of courie, infiltration aay occur along alaoat all of the nearly 1000 alias 
of border with North Viet nan, Laos, and Caobodla. Soaa aa*or beaea reported 
pub'lcly ere in An Xuyen province on tha Caaeu peninsula, in the provinces 
elong the Caabodlan border, auch as Tay Nlnh, along tha Annealta oouatelna 
opposite Da Nang end Hu{, end in Zone D, soae 40 miles northeast of Saigon* 
which occupies aoat of Phuoc Thanh province. These, end soae other prowincee, 
ere sketched crudely in Figure 2.1.1. They ere aentloned to Illustrate the 
variety of conditions under which guerillas oust be detected. 


ma 
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An Xuyen l* • urihy delta, raplate with aan|rova m^n Tay Nlnh U 
■ rlca araa, and other nearby provlncat contain mtch paddy land; oppoatte 
Da Nani aud balow, at tha tam^iua of tha Ho Chi Hlnh trail, ara haavlly 
foreettd, praclpltoua mountains and narrow vallaya; Zona D la softly hilly 
with danaa Jungls covering; Inland from Blnh Dlnh, and from auch of tha 
aaatarn and southeastern coaatal err Ip balow ara rt|loaa aoaa tana of 
alias deap covcrad with primary rain foraat. 

Maana must ba found to datact guerillas in a varlaty of foraaca, 
including dry upland, aonaoon, and tropical rain foraata, In tropical 
awaapi and aeiahea, arJ in gcnarally wat lands auch aa rlca paddlaa and 
rlvar daltaa. Tha major difficulty in aaaaaaln| tha faaalblllty of 
varloua achaaaa la that quantitative data on tha environments ara not 
aval lab la. 

Should Thailand bacoaa an araa of aajer conflict, varloua regions 
poaa alallar environmental problaaa. 
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2.3. OPftwflunai Cons id-rp u ong 

There ere not many "engineering" trxta ur> w*rf-re. Accounts of 

historical «xporl#r.ca do not, usually, recount success and failure points of 
tactical operations In ways that arc useful for deducing appropriate correc- 
tive action. Statist lea in detail on current operations have not bean avail- 
able. Some low accounts, which era quoted at length In faction 6, do give 
valuable lnalghta Into operational necessities. 

Wi:h rnpn't to advancad detection device*, non« seen to have been em- 
ployed in Malaya, In Punch Indochina, or the fhlllpplnaa, ascent that in 
Malaya th«Arltleh triad both military dogs aa trackers (unsuccess fully) and 
laportad native trackers (successfully). 

The laasons on Junqla warfare srs explicit. Patrol economy requires 
that any detection devices carried be ee light and ae rugged aa poaslbla. 
Presumably tha advancaga* attributed to them muet be very substantial or they 
will not be used In any case, the moat succtsaful technique reported in aa 
account of Malayan operations was tha Intalllgent deduction, by a greet maker 
of obaervatlone on the ground, of routes favored by :he CT* a In their travala 
to aud from hidden Jungle bases. 

In Vietnam similar and more extensive difficulties srs encountered and 
tha environment la more varied, there are e factor of 3 or so more VC 4 - now 
active in Vietnam than were ever active In tolaye end e smaller percentage of 
territory Is under government control, the texrsln Is somewhat vr» rugged 
and, since the fighting element conelste of Vietnamese troops the rapid in- 
clusion of new (Western) methods Is not easily ohtslnsd. thsrs art still 
ms tor VC boats In the jungle* of Vietnam which cannot ba (precisely) located. 
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Op* re lions in flooded lands arc fairly cmmn n. Travel acres* territorial 
boimderles is not controlled, tinea eneny unit altaa in foray* la difficult 
to -stlmta, governs*.,! forces (patrols) are sanetiaee overwatched and as fre- 
quently, goverruaent unite 01 unnecessarily larga alas are aaployad , Trap#, 
ana res, and spike* are coanonly employed on trails and likely helicopter land- 
ing points. A^uab is frequent and devastating. The local populace is, at 
best, prlaerlly passive and does not report VC ■ovewsnts or preparations. 

An operational factor typical to all guarilla conflict* at aoew stage 
is the ex trews ly unfavorable retio of govemaeot troops to insurgents. It any 
bs obaervad that the preponderance of such troops a Iveys are engaged in guard 
and civil control or ere held In reserve, the widespread adoption of intrusion 
datsetion devices end general Mechanisation of such duties nay conceivably, 
aake possible a reduction in control-troop strength. 

The ratio of coefcat troops to sctlvs insurgents is not nearly so largs, 
and probably cannot reasonably be reduced. Advanced detection devices, how- 
ever, nay enable these troops t« operate wore efficiently and to suataln a 
higher level of pressure on the sneoy. Major operational basarde are uncon- 
trolled access to extraterritorial sanctuaries, and the existence rf stable, 
inapproachable. VC baaea and training cantara, and freedow of no vs awn t of 
guerillas. Advanced detactlon devices nay alleviate these haxards. 
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METHODS 

3. 1 Introduct Ion 

A variety of novel end familiar detection method* era briefly discussed 
In thl* aactlon. Emphasis 1* on satisfying presumed requirement* for anti- 
guerilla operationa In Southeaer Acta- Reference la made to Iuvmi programs 
and fc*pari*nc« 1* cited. The objectives and constraints previously dis- 
cussed era Implicit in the ideas treated. 

lines extensive surveys wore rot possible under this contract, only a 
few data on military aarvica detection programs and industry proposals aro 
presented and these are scattered throughout the report. Pertinent ARPA 
field programs (or stated requirements) as reported from the CDTCa in 
Viatnem and Thailand (Refa. 3. 1-3. A) are llatad in Table 3.1.1. In the 
Table, and throughout the report, methods of detection have boon divided 
Into two general classes; observational . In which detection Is echlevod by 
observing target signals against ths natural environment; and cooperative . 

In which detection Is achieved because the characteristics of the target, or 
of the i:*tural environment have been purposefully altered. 


3.1 Periodic Report, CDTC. RVMAF (1-31 July 1*62) Sac. 

3.2 Latter Report, CDTC (Thailand) (1-30 Sept. 1962) Sac. 

3.3 Letter Raport, CDTC (Thailand) (1-31 Auguat 1962) Sac. 

3.4 Utter Raport, CDTC (Thailand) (1-30 Sept. 1962) Sac. 
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Table 3,1.1 Existing CutrUU DejjKMon ho|fg> 
UMmiOoMi Detection 


Protrsg or koqulrcmert 
Mapping and atrial reconnaissance 
Environmental & operation research (Jtef. 3,4) 

Hina datactor for nai 1 -board detection 

Doppler surveillance radar 

Airborne surveillance for waapona and 
ammunition 

Border surveillance (fences, mines, radar) 
Active and paealve abort range 12 

Seismic device 
Directional microphone 

Railroad security (rail breaks, minea, tec) 
Military doge 


Short rp—>nt 

In delta operation*- -type unknown 

Thai Lano> -heat sources and 
aurveil lance problwa 

Nail-field c leering program 

Teat of AN /AM -4 fc never mode la 

Geophysical techniques 
(requirement) 

Research on control methods 

Taste of existing night viewing 
gear and requirement 

MOTS- geo phone- high sensitivity 

Thai land- teats of Bangkok 
microphone 

kequlr went -electronic methods 

Patrolling, warning, tracking, 
aggression 


Cooeeratlve Detection 
Program or leouireaent 

Village alarm system 

Chaff rockets for out posca 

Targe: narking dsvlca 
VC Stain grenades 


TUBA 

Vegetation kilim 


Coded pulae radio signal 


for AP radar oat observation-- 
4-4 OS chaff to 2000 feat 


Por marking drop points, etc. 
Persistent stain for later UV 


Cheat luminescent persistent cm 
Denude natural cover 
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The AGILE C3AIA program, it reported In *ef. 3.5, lists in addition a 


i 


specific pregTss sn persistent scents, • UsU d«L« »r«uMni oo the 
feasibility of aerial radar surveillance to locate concealed personnel (with 
Conduct r on Corp.) and a program on fire detection (originally Suggested by 
the Contractor.) Also listed is a general pro§r»n of invest igat Ion in 

Acoustic A eelsnic devices; 

Passive end active It; 

ftadar end other electromagnetic detection; 

Paselve A active optical viewing, image intent 1 fleet ion, etc. 

end e requirmeent for envlrotsentel research on related phenosKraa. 

Infrared (3.2), radar (3.3), and acoustics and geophysics (3.4) applica- 
tions ere treated briefly in this section and in detail in the Appendices. 

The treatment in both places is somewhat uneven since the study effort was 
concentrated on the nost premia lag and potentially uaeful ideas that came 
early. These happened to be primarily in the infrared field. 

Without exception the tactical utility of the methods cannot be estab- 
lished without same testing. Zn the most interest lag cases fundamental 
measurements or extensive field tasting ere required to establish operational 
feasibility end to fully exploit the techniques. Equipments suitable for 
uaa by indigenous troops must be developed. 

3.2 Optical 

The observational optical methods of moat promise suggested in this 

3.3 Quarterly Agile Report. I July - 30 tept. 1942. Confidential. 




study both invwlv* ch* employment of high resolution thermal mapper a. Two 


v L ili«M way iv»hU in gvuu.ulLj appiiteul* ; on* tot u*a lialtilt 

guerillas In forest and Jungle, th« othtr In flooded Unda, swamp* , ate, 

Thaas art a) personnel wake detection, and b) flra detection. 

a) Wak* datactlon : lc la rtaaonabla to suppose chat aovawnti of 

audiut* to Urf a guar 11 la fore** to point* of assmUly In paddy 
land* a*y b* primarily at night, If tha rag Ion la undar any kind 
of aurvsl llaoca. Preliminary calculation* on probabl* temperature* 
aloe*, Indlcata that paraonnal moving through stagnant bodlaa of 
water may laav* "wakes" aimiUr to ship wakes, of sufficient 
paralatanc* to b* utsful, If detectable, in astabllshing pa teams 
of movement. busting tharmal mappara any have high enough reselu 
t Ion and aanaltlvlcy to map aucb vakaa. Tha indication* could alao 
aid in tha tracking of guerilUa in flight, in monitoring ewamps, 
and In other aurvellUoc* o pa rat loo* to flooded Unda. Tha capo* 
blllty nay alao b* applied to eh* control of guaTlli* water traffic, 
in locating aubmargad bridge*, ate. 

kt tha present tin* tha axlitanc* of tha phenomenon ha* not 
boon demonstrated (only on* teat, undar rather unfavorable condi- 
tion* [*•* 3.6 ] has bean run, with negative results) aod, of court*, 
the Intensity, extent, and duration of such a phe n om en o n under 
varying environmental conditions are comp lately urkneera. COn tha 
other hand ship wakes, temperature gradient* in water, and a 
variety of other surface phenomena hav* been recorded by tharmal 
mappers observing tha apparent temperature (camparatura/amleaivlty 
product) of a thin aurfac* water layer.] laalc data on tha 
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phanaroci.a «rt needed- to ntibtlah the technical feasibility and 


reuitt -_*f personnel vak« surveillance and to determine whether 

•sitting mappers art adequate or whether now equipment would bo 
needed. 

The question of operational utility it complex tod not ooilly 
resolved. Logic • l trgt*«ntt for, and against, tho mothod being 
o t tactical val>- h*w# uororf »-* *he Oonrractor's view , 

thie question la releed premeturely alnce the product* of such 
• urvell lance cannot be described et thie time. An tasentlal «* 
perl mental program (eee 4.1) wee recommended early In the etudy 
but hee not been undertaken. 

b) Fire Detection ; Guerilla* living In forest* and jungle*, eepectally 
la mountain area* are reasonably expected to uae campfires. In any 
case, sine* rice It a staple of tb* diet there must be cooking. 

Early In th* project It vae euggeaced that the detection of such 

I 

heat sources ia.dsr dans* canopy should be technically feasible. i 

Preliminary calculations (and eubeequene experience) e bowed rhat 
existing thermal mappers would detect open flree end hot spote If a 
direct line of sight between mapper and source couli be established. 

There is also tame poaaiblllty that detection may be achieved on 
glint (l.s., scattering) without direct ilnee of eight. 

It may ba argued, reasonably, that araa mapping of jungla re- 
sulting in th* detection of small firaa sight halp to pinpoint vc 
base local lone which weie not otherwise observable. With reliable 
end preclee detection it la even possible that hunttr/klllar mis- 
sions ^y become feasible. 

« m 
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As ioon a* thi» idea was auggaetad by tha Contractor pUw 
wtrt M di by AtPA foe • piggy-back aaperUeent In Operation Tr op lean 
Co settle the »jor question of peMamance against the typo of 
dtoii canopy that occur* to the rain forests of SE AiU. 

Noe bucK la yat known about the actual density of opening* to 
rain foraat and in particular tb* natura of eavraji provided by 


f nr**ta in SI Aala la not quant ltativsly knwn to any dngrao. (tea 
thing la clear; if detection ia achieved by aolaly direct looking 
'l.a. , a direct Una of eight between ecanner and heat aourca 
thro««h *ha canopy) praaant thermal aappera, which are line scanners, 
provide an uonacaaaarily low probability cf detection in reaeorable 
■lesions, ai *ach elenanc of tha target field la examined only once. 
An order-of -magnitude (roughly) highor probability of dotactloo can 
bo provided by an aaatly constructed acannar of alapla daalgn which 
look* several tinea, froa different angles, at aach alaBane of tha 
target tlaio. 

It my be argued that, for tactical use, considering tha «- 
known incidence of falaa aUm, etc., « would oa daairabls to 
establish fire patterns. That la, In a alaeicn, to as* frac- 
tion of all tha Urea praaant in a napped area, tte thia bail* a 
tactical ecanner should provide a high probability of aeoiog at 
laaat bob* (selected) fraction of all target* in any givon slaaion. 


line* thia probability i* a function of tha m«ber of targets, the 
canopy density, and tha n\ml*r of tries, performance predlfft«»a 
suet be founded on etstlatl tally pUnned taata, which have not aa 
yat baan carried out. Further, aa In tha wake caae, sufficient data 


teat 
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on background effects and f luctuot ion* , and on the statistic* 
of operational environment* are not aval labia. 



The question of operational utility U l again, complex. 

Surely, If one major base were eo located and successfully attacked, 
a reasonable effort would be Juatlfied. Aa a continued surveillance 
tool, utility depends on security (l.e., count etmtasures are rela* 
tivaly simple), high reliability and a high probability of detection 
par mission. 

An extensive field teat program, planned to obtain etxtletlcally 
valid data la needed, and the development of en optimally designed 
scanner should ba considered. (See 4.3). 

the feaelbility of another application of potential value depend# on un- 
known environmental conditions as follow*: If canopy-hidden roads, streams, 

and trails, or corridors (bands) of lower ground foliage density, provide 
canopy surface thermal gradients which ere detectable above background, 
thermal maps may provide an Indication of favored routes of travel. The 
basic argument is that, as in the case of streams, a substantial difference 
in structure under the canopy, with no seccnd or third canopy from sma 11c.- 
treee, and little If any ground cover, would exist, producing a different 
heat cycle and at laaat an out-of-phesa equilibrium- temperature cycle. 

Thermal maps and temperature data on a variety of forested areas containing 
such artifacts are needed to reeolve this question. 

One cooperative method using thersal reconnaissance suggest: Itself. 

For example, if m<-»untaln trlbee could be induced to give warning of lnflltra- 
tloo by lighting fires in an unusual pattern, or number, or location, the 
thermal mapper could be employed for border or arse surveillance. Such 




* am 

varolnge night be continued it Iw rlak Co the tribal peoples and could bo 
useful for a long period. if rriH«i people? are not helpful or correctly 
located, strategically placed Vietnamese obaerveia could b« employed . 

The more faalllar, short-range applications of optical dovlcoo Id 
battlefield and approach aurvai lienee, ambushing, and guard, and oo weapon 
alghta have been examined. Existing equipment la generally unaatlafactory 
for SE Asian ant 1-guarl 11a op are t Iona. Whet la needed, alnce the stace-of- 
Che-art la well known and reaeonably predictable for the near future, are 
carefully conetructed requirement a, fortified by aultable background 
measurements. 
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3.3. ladar 

taf leci too on currant Military radar program# produced fw ldoee for pro* 
•iitni otv guar t 11a detection atthodi. Dm feeelblllty of a Method propoaod by 
fondue tron (involving an aarial surveillance radar to detect a rand personnel In 
daoaa forest], depended on « variety of ur known propagation factora. A aat of 
baalc a* par loan t a to raaolva theaa vera auggaacad. 

One intaraating poaalbility which haa not bean vary carefully uaalaad, 
la that or constructing a pulse-modulated dopplar radar with high clutter re- 
jection, for uae aa so antl-enbuah davlca. The ariwaat la aa follows: tea 

comm l y accepted requirement in anhueb a It ue clone la that of returning e*>ueb 
fire aa quickly and accurately aa poealbla. Thie la aMttaaa very difficult 
aa tha attack la controllad, auddao, and the attacking weapon# are bidden in 
natural cover. It la conceivable that a abort-range radar could be built which 
would rapidly and precisely locate aourcae of flra fro* trajectory data on 
•Mil area and autoancic weapon fire. Foeelble character let lea of aucb a radar 
are given In Section 8. Although date- proceaa log problems have not boon exan- 
lnad It aeene poealbla to coupla thla indication to a suitable fire detector. 
Tha advantages (in reaction tlaa, etc.) have not bean examined . Tha same 
radar night ba provided, also, with a nor tar shall trajectory determining node. 

A radar with theaa features night alto be adapted to helicopcere and, 
with a one Modification, to low-flying aircraft. 

While no very poelttve atacenenta can ba nede about the faaaibllity and 
value of thia type of device, it eppears that tha Idea deserve# further enani* 
nation. 
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fcedsr napping to determine favored route*, ttliU, IU., would to Inter- 
esting, If (uiibl*. k» in th« liailtr U i^Ucitloo of 3.2, end Ch« MSS 
suggestion, thl* possibility r«*c* on unksMi propagation, background, and at 
rlr 1 — i - 1 factor*. 

Such aoc 1- per *ooa«i and bactlefis.d surveillance radar* a* (wild ba etu- 
dl«d do not •*«■ particularly useful In the operational context of S.l. A* la. 

3.4. AffttfUvft fr. 

Acouecic and •elamlc device* have been suggested for uue a* line and area 
■onitora, intrusion detector* and in Jungle tracking. Considering the first 
two uses, the prtaary problem la that of ganeratlag valid requirements, speci- 
fying type* of operation desired, end obtaining sufficient date on target eig- 
ne 1/ back ground relatlooahlp* to Justify design a pec if lent loas. Ocher than oper- 
ational and environmental unknowns there ere not substantial research questions. 

An interesting decision problem Is whether tc try to utilise native aeterials 

i 

in the construction of lew frequency acoustic collectors or to rely on the 
acoustics /electron ice art as developed in the O.t. A nu^er of ideas have been 
examined end discarded for using acoustic Instruments in Jungle tracking nr by 
patrols U general. 

Magnetic detection of stored arms, burrows, or armed personnel is, at 
best. Just aarglnally fsaslbl*. Presuming a valid requirement for this type of 
on-site inspect loo, it will to necessary to neks some staple tests to establish 
performance end value of e few portable instrvments. 

3.5. Other 

A few oon-clase if table suggestions have been mnde. Generally, these have 
not been analysed but ere offered below in the cause of completeness, for 
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example, i«Uud to border surveillance problems, examination cf th* topography 
of tho region *t the terminus to the Ho Chi Minii troll ond northward, reveals 
an extremely rugxrd terrain. Xt itwa unlikely thot there con bo a groat many 
•toy route* of tee***. Possibly, control of only a relatively aaall fraction of 
the border In thi* area, at critical points, would greatly lncreaaa tho diffi- 
culty of guerilla Infiltration. 

Application of acouatlc or eeiaalc devices tu treil-munlturing n n»C 
favor*&e oecauae of the great lengths of trail and aaaoclatad loglacice, coat, 
and data-handllng problems. It haa baan auggaatad that naeeaaary wire laylcg 
ba don# by aircraft, onto the tra# tope. If, a* dlacuaead In Section 6, no it 
mountain area Jungle trail* 11a along ridge top#, plana wire-laying and acouatlc 
surveillance of iom trail* night be con* economically feasible. 

Considering th* u*a of aalsnlc device* three poaatbllltlea are auggeeted. 
The** are; a) a aelanic village alarn by detonation of burled explosives; b) 
detection of burrowe by explosive aounding techniques, and c) canal nonitorlng 
by geophone . 

The uj* of contra* c photography to monitor the aucceta of crop-hilling 
camnalgna eeena reaaonabl*; and th* possibilities of davalopmant of apacial 
daca-procaaslng equipment for thermal mappers (*.g., to produce cetera cure- 
contour nape from thermal scanning) la an Interesting are# for exploration. 
j.6. 

During the study field experience with XI equipment vat examined In soma 
detail end la reported in Section 7. Available reports of teats of military 
curve 11 lance geer were scanned end ct* dlscueaed tnder appropriate headings. 
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In addition, Usfenaa tcsaarch Corporation participated In a "quick-fix" 
«; « er«o*»**vl-w*ke derert-os, and had an obaerver In Operation 
Troplcao. Furthermore, simple lostriaentation for a limited* rang* environ* 
mental measurement (temperature eyelet, bottom conditions, vegetation, etc.) 
by CDTC (Thailand) on paddy and k 1 one characterise ice, was assembled and 
shipped together with brief plaua for typical maasuremants. Prior to the 
delivery, as a quick check-out of the temperature measurement lnstnaaota* 
tior, the diurnal variation of the vertical tapers? «ire--dl»rrlbueion Id 
about 10" deep fresh water wet measured. In contrast to tha predictions of 
the early calculation (7.4. 1.2) these check-out aaasursmants showed a muma 
temperature excursion, throughout the depth below about 1/8" from the sur- 
fact, of about 1°F around the noon hours and, hardly neaaurable (~0.1°P) 
excursions during the rest of the day. 

A* wns pointed out in the brief plana, and in plans for basic-data 
experiments (Section 7.4.2), the thermal radiation characteristics of voter 
are detarminsd by the radiative properties of a thin surface-film; (l.e., 
its temperature sod snisslvltv ). The apparent absence of s relatively large 

t mope rat nr a- excursion in depth should nor bs regarded as conclusive evidence 

* 

of the absence of detectable personnel -wok* a . 


As this report is being printed, information frim CDTC (Thailand) on 
per lim inary klong temperature measurements have been received, that aem to 
confirm the check-out measurements. 




SECTION i 
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Section j, above. com jins s scsbsu of detection methods and techniques 
suggested tor possible application to anti-guct ilia operations in S. E. Aat*. 
n>is section profiles j concise listing of studies, research and test activities 
to provide the data tiwct-«sary for cstinuting feasibility and operational value 
of the Suggested appliwi ions . 

4,1. fir? Pm c U°n 

The Contractor has very serious doubts that existing line-scanning ther- 
mal mappers used for observat lonal detection of fires wiit bs tactically useful 
against very dense canopies. Current experimental results, if verbal reports i 

arc correct, are not full* understood. It Is suggested that the following cyps 
of program is needed; 

r°s Alim 

o A collection program for photographic and illumination data on ths j 

variety of S. E. Asian forests, to arrive si cover density and dis- j 

tributlon ranges. 

o A srarisrtcal analysis defining requirements for statistically mean* 
ingfui f ire-dccect ten field tests considering widely varying canopy 
densities, single- and mul tlpie- look scanning, 
o An exaaloeiiuu of the tactical advantages of a thermal mapper which 

looks several times si each element of the tat get field from dirfennt i 

look angles, and consideration of the short-term procurement of amic- 
able test item. 

fof-tndliKit attention and natural gradie nt, acssuremeim 
o A program to collect data on temperature radiance, end reflectivity 
(and their fluctuations) of the "top surface" of a well known dense- 





eo’very ditui eiaopy undsr vtryU| utuvil co»iltl<M. A cliff-top- I 

i 

italic experiment wouid so rr«(irr«d. Oat* an multiple I 

scattering would be obtained by eff-sngle wMiumtti of lllwUu* j 

t loo due to • movable colllaitid aource beneath tho canopies. Tbo 
tifitlMDt should Include an itti^t to auiuri aurfoca gradient* 
duo to il) ea underlying haat source, and (2) underlying disconti- 
nuities ivtch aa screens, roads, and tratLa. 

m tffw»Urt tfitcttia 

o A study of tba faaalbillty and operational value of surveillance for 
cooperative flreo (beacons) in border control and similar activities. 

4 . 2 . Wake Detection 

The Contractor believes that detection of personnel movements In flooded I 

lands, by aerial 11 napping nay be feasible and of operational value. Hie fol- 
lowing type of program la recomeended: 

o A basic measurements experiment to eetablleb the extent* intensity, 
end duration of predicted phenomena. The experiment suggested U 
simple and direct. Tlme-perled, point -by- point radiometer mappings 
of the surface cf a controlled pool would be nods. Tbs effaets of 
controlled ^producible disturbances, similar to those mods by wed- [ 

log personnel, on the apparent temperature of tho surface would be 
determined. The effects of a variety of bottom materials and natural 
growth, similar to these encountered la S.l. Aslan flooded lamdo* 
would be neaaured. Veter conditions, climatic, aad meteorological 
variables would be rocordsd end their offsets ssssssod. 




m 


o Contiurrmtl/ with this if obtainable at negligible coat, 

m?* cf rsctatlj dlaiutbed natural pool* would b* obtained, ueiog 
th * boat ahlp'Mke napping techniques. That a tests, while aot con- 
clusive, would build up a valuabla catalog of /laid experience to 
awch observations . 

4.3. usir Itimillinbi 

Wi.h raapact to radar turvalUaaca potsetUlltlss rha following type of 
program is suggested: 

• Propagation and croaa-sactioo experiments aacaasary for detaralnlag 
tbs feasibility of Fail. 

w A study of the feasibility of puUe-mdulatsd dopplar "antl-amush" 
radar and f Irs-coocrol, including nor tar* location modification, 
adaption to helicopters, ana probability of application to pertinent 
vlnged aircraft. A companion study of operational factors to detar- 
alna aatl-aabush and dafanaa requirements for system of this typo. 

• A study of the feasibility and payoffs of loag* wore length radar — 
ping of forested areas, and planning of critical experiments • 

O A field study to determine valid requirements. If any, for anti- 
personnel radar la g.t. Asia. Fla min g of experiaonte to collect 
assent U1 data. 

4*4. Listen Lae end Defer Ion 

Scud lee mder ebU contract Indicate that (1) the state-of-the-art in 
eeaeltiwe acoustic and selsalc devices end associated electronics la such that 
any reasonable laatruneat specif lead one can be quickly net and parfonanca 


swr 





predicted accurately; (2) certain type# of sound collactora would be built with 
natlva neterUis, but l.t. As 'an capability for asacx-lated electronics falla far 
batov O.t. standards; (J) performance of selected inacrtaaotatloa la highly da* 
pasdaat m background; (1) overall am veil lance capability In a particular ap- 
plication depanda strongly on the node of aurvt 11 lance aalactad; (3) widely 
different node a of aurvalllanca nay be needed In different application*! carpet 
al^al behavior la poorly known , and background* have not been no enured. On the 
baala of tbeae findings the progran preferred would run aa given be lows 

o A field study to define .aqulranants, If any, for lletenlng (acoustic 
and aaianlc) aurvalllanca devices in terns of type of surveillance! 
details of node of operation, operational factor* such aa citing, 
pars camel, nalntananca capability, ate., and anviroonantal conditions. 
o A following field study to, if oecsseary, collect required data on 
local nolae envirooneots, target characteristics and other necessary 
environmental data. 

o A cf^anlon study to define specif icat loos for aquipannt to neat rw- 
qulrments, and racosand 0.1. or local aourcaa for equipment, 
o Mecca a ary tact and evaluation progran*. 

Mil h_r aspect to naanatlc detection: 

o A brief survey to aatabllah the validity of eugpaatad raquirmmnte 
•*4 •lapis field testa of geophysical prospecting equipment to as tab - 
llah the corraapoodaoc* between requirements and obtainable detec- 
tion ran pea. 

• If njcaeeary, thereafter, field nsaaurenaata of nagnetle enonallea 
•»4 temporal fluctuations in tbs Far bat. 


MW 
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4 5 7*P*rt iP d.Ajtul Ce ment* 

Os the basis af study of i^uuimhIi, applicability oi existing equip* 

■•at and exper lance , end potential applications of new methods, • lit of sped* 
ftc study «od r«»««rch program* have bun iu||*it*d. Ami art lo th* field* 
of Infrared, radar, acouatlca, and gaophyalca. loot of the other requirement/ 
solution comb ins: 1ms which iug|iit themselves cannot be evaluated well enough 
available dec. *.o justify fir* reconeendatlona. 

It is the Contractor's feeling that a broad but quite detailed system 
analysis of the conflict, oriented towards defining specific detection, eurvell* 
lance, and reconnaissance requirements, end esrrled out largely In the field, 

1* Meded to echleve significantly sort progress In this area. Experience with \ 

operational factors, and detailed dete on operetlonsl etettoclce end environ" 

i 

mntel conditions ar« eeeeotlel inputs to such e study. 

*• tu^la of this need is illustrated by the lech of detailed require* 

■eats for surveillance end intrusion detection gear for protecting outposts 
and strategic haslets. Xt is not known whether visual observation Is suffi- 
cient or vhstber detection devices would heve e definite payoff. The relative I 

advantages of acoustic, infrared, or radar for chase purposes art unknown, and j 

the influence of operetlonsl, environmental, end civil fectore has not been 
explored. 
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r 1 ■. * sec:;.-:-. prc.-ide* j _ * ^ f ■— 1 bibliography or. r i ) 1 1 wnrfsro 
pnilciph.-. * : t a t « g * r.d operation*. Other lltm of general 
interest are included. Mo*t of the aouroe* "«v •*-* «-re consulted by the 
i‘ r*» . .-t the 3;;; idgrjfnv co<* ,uu repeat tne many reference* cited 
:r. the bodv 0: the :«xt ar.c *.l.» appendices. This account* for the paucity 
:i technical scurre ». ‘A greater number ot source* were consulted tn the 
; 3 u r * e tr.e :t ver’e purposely oaitieJ (tun the bibliography 

cr the groiir.de that they were of no value whatever. 

5.1. Philosophy, Sttaceo and Genera l lactic* 

1.1.1. c»**»ic* 

Ciap, He Guyet;. The Creat experience of O - r Pa-rv the leadership of 
Araea StruAiit arc r h« building of Revulut tonar v fcrit* (Hanoi) 


Griffith, S.n rv; T*e Twf.it or. net llle Wat fere S. t Pracger 1961 
G.ivara. C ! t. Z \i Va: ;ar« MR Pres*. I.,-, l"tl 
Heilir.-r n p.~ I,.:., — Zurich. 1*60 


lrwrer.ee. *.f . Sever. Ptllar* of Wt>dom Ooubleday 19)8 

He* Tee-Tuttg. Seietted Wtr'm *' 1 V N. v . Internal ivrtal Publis: : * 

ret*r*or.. H.C. . Ch» Qui-vera on C^er.'.U Warfare S.r, Praeger 1961 

Shir. Viaceuftt. Defeat i-.tc vic*oi y S.Y Davtt McKay 196! 

P^r t •. tan Ope rat ion* Field Servlet- Regulations, Red 
Am.- »ii Chapter X"ll 

Mar.-J t : n Ant 1 -Gut t 1 : i a Warfsro fV'.M Ht nh Manuel, 
bulletin Milltaire De;. I9j? < L Kole d ‘Appl I cat ton 
m l :...'«rutr;e ce Sain r Heieent) 












.'SA&PAC \C) • Special Repot t #<*1J Guerilla Mgifm in Southern 


5.2. Ope rat i Jnt 
5.2.1. General 


CUrk C.E. er Jl Effects of Min. Radios in SgU Inf. Units OftO T-338 
ADIOS859 Msv 193o 

Cocutt, Anthony Green 3cr?t, Red Stir London. Eyre and Spot c Is woode , 
'.S5>» ir.t of <4*rilla» bv a -.actual ar.itj 

Goldoni. J. E. The J^nete, fautril Advemry Amy Info Digest Hey 1961 

Iter shall. S.L.A., In:. Ops, and Wt>ns. Usage tn Korea ORO-R-13 Jen. 195 J 
Winter 1950-51 CAD 3^2) 

Sewc.'aer. O.R.. (*.*> Par tonne 1 Anti-lL»«Ui Detector Evt US. A ray Electronic 

Proving Ground USAZPG-S1C9 30- 16 7 Feb. 1961 Sec. 

The Role of Air Power in Partisan Warfare Buatn Resources 
Institute Research Study Ho. 6 Vol.3, Dec. 193^ (AD74032) 

toss iter . W-. Guerilla Wastage Requirements An. Univ. Spec. Ope. tee. 
Office. We Ro* s i ter Jim* 195/ Secret 

CT Pa i titer, Warfare tn Korea, 1951-1934 (U) 

Conf. ORO Techmral n*rv_T *<• (AFPE) 

5.2.2. Aray and Ihnm Field ffcnual* 

W 31-15 A:a:r.t: Irregular Force* (May 1961) 

PM 31-20 Operations Amntt Guerilla Forces (Classified) 

PM 31-21 and 21-21 (A) - Guerilla Warfare and Spec la 1 Forces 
Opera: ions /S> 

PICK 31 Operations Aaa inst Guerilla Force* (Marines) 

PH 31-72 Mountain Ope rsc tons 


PM 31-30 Jungle Operations 


J 


kUvy Presentation to the DO RLE & PSAC Panels on Limited War 
30 October 1961 (Conf) 

L Anti Tank Weap^s } 

USMC Presentation to DDR6£ 6 PSAC Panels on Limited War 
Speech by Col- Anderson on Marine Com Helicopter Capability 

i 

US1C Presentation for DORAI & PSAC Panels on Limited War j 

USHC on Tactical & Loflatisal Ground Vehicles 

CS1C Presentation for D0R6E & PSAC Panels on Limited War j 

Marine C orps Co^at Aae>hlbi»n Vehicles } 

Pax son, E.W flj) Ths Slerrs Project - A Study of Limited War 

Rand Corp. 1-317 Hay 1, 1958 Sac (formerly ID) j 

Pastor. E.W. et si (C) Limited War in Thailand, Thai 1,2, & 3. j 

tend Corp tMs 2027 2033 Hay - Sapt 1956 Sec. 

(formerly ID) j 

5 . A ■ Area Topics of Genetal Interest j 

3-4.1. Vote 

Benedict. Ruth. Thai Culture and Behavior (Cornell, Southeast 
Asian Program, data paper *4, 1932.) 

I , 

Dam Bo, Let Populations Hoiuagnardet Du Sod Indo Chlnois 

(Saigon, Precce-Asie, 1950) J 

da Young , John. Villaae Life in Modern Thailand (University of 
California, 1955, 35-50) 

Cavillers, Fhtllippe, Bistsira Du Vietnam De 1940 A 1932 
(Paris, Editions du Seutl, 1952) 

Holland, William L. , ed. , Asian Rationalism and tha West 
(Bern York, MacMillan, 1953) 

Hoard and Ouraad, Coons Usance Du Vietnam (Paris, Larimer is 
Nationals, 1954) 

Johnson, A. Iconcmlcs Assist in Thailand Department of State 
May 1960 

llndholm, Vietnam. The Ur s t five Years (Michigan Stata, 1939) 


j 

i 



*«.'»*• y . *’?*'•! Administrative Behavior," in Hllliaa J. 

biffin. ed., Toward the Congorotiv# Study of Public Admin titration 
(.'diversity of Indians^ 1939, $3.23^ 

Park. lr«oe, and Hugh Tinker, leadership and Political Institutions 
In India (Princeton. 1939) 

Palaar . Norman D., The Indian Political System (Boa tan. Houghton 
Mifflin. 1961) 

Purcell, Victor. The Chinese In Southeast Aala (Oxford, 1931) * 

Velia, Waiter. Tne Impact of the Weat '>n Government In Thailand 
(California. 1953) 

5. *.2. Periodical; of frequent Interest 


Army (Aaao. of U. S. Army, 1529 18th St., H.W. , Waah. ft, $5.00) 

Army 1 & D (CPO) 

Army Information Digest 
Australian Army Journal 
Par Pattern Survey (Vancouver, B.C.) 

Journal of Asian Studies (l.S. Anderson, Box 2067, Ann Arbor, Mich.) 

Marine Corps Caaette (Marine Corps Assoc., Box 1844, Quantlco) 

Military Lev lew (Port Leavenworth $:».50) 

Pacific Affairs (Unlv. of B. C., Vancouver, B. C.) 

Philippine Armed Forces Journal (PIO Troop Info and Educ. Olv. 

CBQ, APT. CAMP Ibirphy, Quesoo City) 

loyal United Services Iostitutloo Journal (Whitehall, London 
SWT 40s) 


Berber, Edde Photographic and Television 


nt 4 Techniques 


• Literature Search No- 160 JPL Dec 1939 AD 232 484 
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5.6. ImI « ti cJ etui i 


5.6.1. PooWi 


Sprlnger-Ver I * 4 . Pv'din.ar.d C*:i Encyclopedia of Physic*. 

Vo I . XU'Ill. GeophvaU* 11 . Heidelberg. 1957 

Sfcirh Ji 7 .m i aud Chainar , The Decoction and Heaanrcaent of Infra - 
red Radiation . Oxford at the Clarendon Preae, 1950 

Proceeding* of the IRE: Vol , A 7, No. >. Special I * *ue on In * 

frared Plivtict and Technology . September 1959 

H. 1. Harkterth. Infrared Radiation. McGraw-Hill, New York 1960 

Kru*-, HcLauchlin. Mcquiatan, Element* of Infrared Tec hnology. 
John Wiley and Son*, New York 1962 

Holter. Hudelaan. Suit*. Wolfe, Zlaala, fundamental* of Infra - 
red Tecnnologv . MacMillan Co.. New York 1962 

Advance* in Electronic* and Electron Phvalca. Vol. El and XII. 


Academic Preaa, New York, 1959, 1960 

R. H. fiube, Photoconductivity of Solid*. John Wiley 6 Sona, 
New York, I960 

Progreat in Optica. Vol. I, North Holland Publishing Co., Am- 
sterdam, 1961 


u 


IllS (Proceed or Infr»r»d Information S-.Trosla) Office of 
Aavai icaearcn (Confidential aud/or Sacret) 

The University of Michigan: Opt leal -Mechanical Scanning Pa- 

vice*. May 1950 AO No. 300319 (Secret) 

Scr.dlx System* Division: Infrared Interpretation Manual Tacti - 
cal Target*. December 1960 AP30(602) -1937 AD No. 326 627 

(Confident iai) 

II LA - (\I) Annotated Bibliography of Infrared LI 
Vol. 1 No. 1 through Vol VI No. A, Infrared Laborator 
Institute of Science and Technoloey. University of Michigan, 

Ann Arbor, Michigan 



SECTION 


Section "Z.»k iioiiseiual Features" (pp. o.i-6,lfe) which 

consisted largely of --«ent« on a series of maps. Figs. *'.1.1-6,1.34 
v?p. t*.JO-o.o3>, has tern ceitieo t rm this copv t owing to difficulties 
: r. reproduction. 


t Op« rat i or.* 1 CVas : .*r.» 

rhi* p.-rtiM .-f Section 6 cc nslst* of a rev i r» ol experience, 
jiijgat.u . end insight gained in past and cut tom guerilla conflict. 

Tht purpoae i» to point up those particular operational factors which 
My indict:* special requirements for detection, 

6.2.1. Historical 

Modern experience in the difficult its of anti-guerilla operations 
(or counterinsurgency) dates to World War 11 and the io^ortant guerilla 
ca^algns in Europe. Russia. Yugoslavia, China, and the Philippines. 

After the war major guerilla conflicts occurred in China. Greece. Indo- 
china, the Philippines and Malaya, to name a few. Of the vast number 
of books and reports written about these conflicts, a large sample 
examined by the Contractor deal with strategy and tactics in the large. 
l*o comet will be made here on the general principles derived, which 
ire by now veil knewn. Pew accounts of operations deal with success 
end failure points In wsys that are ueeful in suggesting ideas for 
detailed corrective setter.. There are not many "engineering" books will* 
quantitative data. For example. In a chapter commenting on the Vlet- 
Kuh Manual ona text on partisan warfare (ref. 6.11) consents thet the 
lessons on mine-laying and encirclement are omitted because "they don't 
add much to a knowledge cf guerilla tactics". The few accounts which 
dc treat tht problem on llii* level and have been available form the heals 
for this dlscueslan. 

Experience gained in Wll against the Japanese in the Pacific, are* 

In the recent classic campaigns in Indochina and Malaya seems most applicable 

6.!! Hellbrann, 0. Partisan Warfare Praogci . hew rora 1962 
6.17 


to the S E As ia» problem. In mo*i report!* g»«rllla warfare Is referred 
to under the genera) lunJ * ■.'met imrs misleading) heading of Jungla warfare . 

A good engineering bibliography of Jungle warfare was piepared by the U. S. 
Any Artillery and Miasll# School Library. (r«f. 6.12) 

One of the most Informative of the books found on the success of 
various "detec 1 1 m" techniques In ant 1 -guan l la operations under jungle 
conditions la by a British Army brigadier who commanded a Weleli battalion 
in the Malayan Emergency. Tha observations which imedtetuly follow are 
abstracted directly from hi* text (ret. 6.13). 

Tha first observation by Mfers if that "it is the steady 

inexorable squeeze by x large number of troops cim.il ►anemia 1y over the 
whole country which does the 'trick'". (It Is prscvaely this factor which 
la ao discouraging to tha Wait. In successful, anti-guerilla campaigns * 
very Urge ratio of troops under arms to active guerilla* have been needed 
for lonp, period*, la Malaya, for example, it is estimated that approximately 
335.000* men were placed under arm*, against a maxiuxuo of some 8000 guerillas. 
By i»55 tha coat had reached 700 million sterling. The KaUyau wwigsm./ 
listed nearly 10 years and is estimated to have cost in all about 6 billior 
dollars.) 

In the first pnase oi the Emergency there were perhaps 80'J0 CTs. On 
the average of one British planter and many natives were being killed 
week. The rubber industry had been brought to a standstill. In 1952-54, 
with Templar a» High Connies ioner, CT's were reduced to less than 3000. In 
1955 the third phase began with CT'fc largely broken up in small, isolated 
gangs, fighting t« preserve the movement. 

6.12 An Annotated Bibliography on Jungle Warfare No 28 (AD 263549) U. S. 
Arwy Artillery atxl Misalle School Library, Fort Sill, Oklahoma, 
September 1961 

6.13 Miers, I. Shoot to Kill Faber and Faber, Ltd. London. England 1959 
^written in 1955) 

*(40000 British and Commonwealth Troops, 45000 police, end 250,000 part- 
time Home Guards) 
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There vere still n.« i s f f icu 1 f i**« In J chore. tor ruample, 901 
ot Chinese villager* were Mdin«t the terrorist*. Th*. .-wing observations 
ere or pamcaUt interest: 

In Jungle Operation* 

°Most of the operation* were In th» Jungle* and a vamp* which eovar 
frif -fifth* of Malay*. In 5-un Jungle patrol* men walked In line, flva 
yards apart, the lead nan looking ahead, the next two men Watching left and 
right respectively, th* fourth nan watching overhead, and the fifth man 
watch. ng the rear. 

‘Fires are dangerous because the tnoke, trapped under the canopy, 
is detectable at considerable distances. 

°At all tines (perhaps for several weeks) men spoke in whispers, for 
▼Meet carry far In .he Jungle. 

“CT Jungle ca^>* were occasionally surrounded by carpets of dry 
pels* fronos to give warning of approach. 

°CT's could not p’tf on Mvllian clothes and enjoy a change of 
seenery for a while. Special Branch coverage was too good and the pallor 
of their skins from long Jungle living would give them sway. Even two 
"•eks la the tunicas Jungle will be dlstifuishlng. A multitude of little 
scars from inevitable Jungle sores are another giveaway. 

°For ambushes great pt*cauM<vaa ire taken----even hair cream muar 
be washed off as the natives have a keen sense of emell. 

°Toe Cl* a eve toped sn animal- nice instinct for danger and made 
great spaed in flight through the jungle. 
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r-tfln *.i.vce-* “ J th tr.l.klng .«*•*- wv »•*-.- 
iMtl W*,". ;* ’•«#.:« Ivan IJ./Wcvcr. the Sarawak (Borneo) trackers, 

La favorable •. lrtuost antes . could fellow a CT for day* on end. 

°In helicopter patrol it w«* discovered that a very large number 
of small clearing* exit tad. at Itait large enough to perelt a man roping 
down. 


V.ll« parrel ling a rent Ice (boundary line cut through the Jungle) 
automatic weapon fire and single rifle ahot* were htard ----astlmated to be 
3000 yard* away. 

^e Jungle river* are often hidden by forest canopy cloeed over- 
head. In the surrounding swamps underwater brldgea are concealed by the 
71. In swamps troops always o*k« considerable not*#. 

°0f aany good idaaa * the Corridor theory was the nost revardlng-- 
that the CT would favor the easiest routes when moving through the Jungle. 

In ooa operation all the baa: routes seamed to 11a within two half-mile 
wide belts leading north into the Jungle. The ratio of contact* to patrol 
hour* vent up markedly. 

On food Coated 

°Ev*rymt of the 50,000 inhabitants In the area would ba physically 
r tar chad avary time they left their villages. 

°To the CT rice is a must - - - used in some form at every meal — 
or physical stsmlna declines rapidly. 

3 tice was pourad by sympathisers . a handful at a time, Into burled 
glass add Jat*. 

Additional opinion about Jungle warfare le gleaned from several 


othar sourest: 
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M. .*_*.? 

'Sir.ki t-r.jilr .nJ ntghl fiahiing ifr somewhat similar. unit* 

—as It -.rum :r. 1 y~T.±l. . . h.-uSd achtcvt - 1.1 *h 5*.r.iard oj nlgnt 

li«lrlu«. 

^Prlnury Jungle visibility is itmileo ti* *0 - 30 yards. On hill* 
fell*** 1* this., but In valleys very d«ns* It Is never Impassable to 
lnf*rtry • Secondary jungle. which t> growth ov*r pr*viou* clearing*, 1* 
primarily v*ry dense f*m and br«r'*' , T. i*^>*netrab le without cute In* 
ltutruMnc » In cou* e « 1 jungle*. mangrove *v*=pr nw! 4 * d ft. kunal 
gras* mutt b* v* ) k*d around. generally through water Paddy field* are 
difficult in rainy season but not impassable to troop* Rubber plan- 
tation* when aature. give up to 200 yard* ground visibility. 

°Koraal jungle sounds and snell* ahould be learned. 

°Slnce Jungle, because of poo- vlelblllty. favor* the attacker, 
a purely paaeive defense la dooraed to failure 

Uf. 6. 1) 

°tn night defense cf outpost# and coemunltiee ch* trip flere 1* * 
vary useful aid to shooting 

Uf. ft- 16 

°the =o*t itrirut difficulty was inability to establish contact 
between the air slessr.t and the surrac* element operating under the ere* 
canopy ( hanam- ) 

Uf. 6.17 

°If Insect repellent Is applied to large numbers nf men Ire 
cnar act eristi c small u unmistasao ie. Usually. nowever, the danger of 
4.14 X-'f. ;r. ;,nale Warfare .Hll iffy Uview 24, 99-101 August 1944 

4,1) Tralr.!-i r»> Jural* Shot . Austral tan Amy Journal 100, 24-29 Sept. 1957 

6*14 Ugort cf Envlronaer.tal Operation, Tropical Wet IvbO. U.S.Arnry 

Transportation o^aro ft. Eustia, Va. * AD 24D3221J 
4.71 


the 1 


V on Jit I movement to avoid bites i> liie greater, 


; evcelir.it 

and it i» .. - : I y itrtur to apply repellent. 

‘'All weapon* shou Id be ...kcd, a» iltr sound . even from half cock 
petition, will warn ihr euenrv . 

Rtf ? 16 

"^Whispering i» hjrc on the vou# «nJ lee-l* Co misunderstandings 
ana should be ivoued in tavor of low talking. 

"Hercf in^ enroll open paddy l«iJ tatiid ciouda of uust. visible 
for at let 

^Jungle *a* thin on the ridge- teperclbly r ►* t cV <« rhaungs 

if 

(streams^ 

Ref 6. ‘.9 

°Tt* 1; {unctions --- generally provide the only avenue of 
co«unlcet tone . supply snd tvtcuttlon In a Jungle. 1 

Distinguishing between snail and large enemy unite is very 
important in tactical planning. 

0 Jungle noises are quicaiy iearnea ano interpreted. i 
“Vc vmcr.t to final objective was almost entirely by trail * * - 
f igniters ccnr.:: saisutt she pact. 

^In many piaces men hed to rove for many yards from vlnt- to vine, 
withr-r ri-chtr.j ground ! 

Uf. 6.20 

°Host Jungle terrain Is very rugged with alternating swamps, 
deep velleys ana -te«p ridges ••• after several men walk e trail. It gets 
■ussy and slippery. 

i 

6.17 Austin. H. S ex Ihouehts in Ambush* * In TmuUal kerf its 

Australian Amy Journal j 

ft. 18 Fergustor. 8 bey^ru the Chlndwln Ccllln? !'Jt5 
6.19 Combat Lessons frog the Jungle Infantry S 2(2) 12*13 Mar-Apr 1962 
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v '?l.e be*t 4veiv.;«i travel are aluiti; r Idge* and ..rroii aaddle* 


native trails are also*: invariably a!.*n* iiJgea. 

"Kapil changes In Jangle feat are* quickly obsolete uapk. 

k Trip vires — to rattler*, tslnca. or flares (for defensive 
po* i 1 1 crO . 

°Aenal reconnal Har.c* wiii selOm snow trail* — bat will define 
ridge*, etc. 

°I>u* to low wind rslocititf beneath canople?. vapors, smoke, etc., 
dlffuae slowly. 
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•. KM fjfmfSi. curvrt . and high embankments ere favorite tar* 

gets for ambush. 

Tti«* \ let Minh- -operated against U'a with only an assault group 
anw a demolition group and without the normal restrva group. 

c In Halava aerial reconnaissance ranked second In Importance to 
transport -*• the British favored visual (eyeball) reconnaissance 
as most reliable. 

i 

o Pilots in Indochina had to search for underwater plank paths. 

t 

o In Indochina the French vied llsison plane* with convoys to spot > 

asbush. The unarmed plar.es were not helpful. 

o The Viet Minh gave highest priority ro raids on airfields. 

The foregoing excerpts from a variety of sources serve to give a general 
pattern of injunction* which are ■pplicable lw the kind of warfare now being 
encountered in SE Asia. No specific mention was found of any advanced elactro- 
amciMMi Ices detection gear. Sven listening devices apparently war* not employed. 

Only occasional reference to IX night-sight* Is found and these are never fav- 
orable. 

Various kinds of trip flsres and other devices were employed in ambush 
and as protective devices for defensive encampments. 

The closest approach to special efforts of the type considered in this 
report were military dogs, as trackers, with which experience was poor: Im- 
ported native trackers, with which axpariance wae excellent: and cooperative 
technique* involving visible markers, with which only occasional succtat was 
attained. 
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Th* i ict.u^f A my ."ia* AJs.DOO a*n under arms. In Addition there are 
five Cl. il iktAid companies ir. each pr.>lnc«. COOC strategic hamlets ware com- 
pleted m 1962. adding some oOO.OOO inhabitants to government control. 

Vietnamese population. Including some dOO.LKJQ refugees froiu North 
Vietnam is estimated at 12.500.000. mostly in the Annia coastal strip and the 
Mekong Delta. Of this population Saigon /Qio Ion has 1.8 million, Hue 100,000 
and I Our an* 65.000. 

Co op re her. Siva reports on operational experience in the currant con- 
flict in Vietnam have net been obtained. The following opinions or observa- 
tions were gleaned shout equally from scattered reports, news correspondent 
accounts, or from recent travelers to the region. Their accuracy and gener- 
ality cannot be vouched lor: 

o <?C guerillas attack remote villages with little warning, for 

short periods, and break off quickly if VN forces appear. Pur- 
Uit hea hvcu iatgeiy unsuccessful out ingiroves with helicopter 
support. After breaking off, in relatively open country, VCa 
hide in root callers, along canals, In prepared burrows with 
•iMervatcr entrance*. *r.d for short periods under war»r In Jun- 
gle the vc's esn disperse and sees to move more raplal,. and 
Staadil; than pursuers. Coordination of tracking elements In 
Jungle is extremely difficult. No satisfactory dettccion device 
fer jungle pursuit nan been found. 

c L*ect location of jungle canms and ujor baeea from the air has 

been generally lEg>osslblc. In the r2nd Division area (ftef. 6.21) 
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4 urge VC cenp. with training ground, field hospital, anj anas 
d_=p «Ms captured id bodies eer« counted. The area had been 
reconnoit* red bv helicopters for wtek.« but no trace ot Che casqi, 
sheltered by an overlying canopv, was seen. Low 4 i,- 

craft and helicopters are subjected to dangerous and often fatal 
ground fire. 

VC s live m manv villagrt. without betrayal and are "indiatin- 
guishabxe" fi 02 farmers. T^iey hide c loth-vrapped rifles in rice 
paddies during the dav and have extensive diggings where arms and 
munitions are stored It has been estimated that of every five 
persons. 1 is actively pro-Viet Cong and 1 actively against. 

Hiaor and a* joi VC ac h us he s have been prepared and executed with 
great success, even though preparation* must have been visible 
to locals for '•ays. Pursuit after ambush ftaa frequently been 
litc and is gaaaralljr au»uww«*aiul. excellent cover and 
good escape from ambushes is available nearly everywhere. 

Hortar fir« «*«iast outpost areas la a frequent tactic. 

A VN artry regiment in the high plateaus has complete operational 
control over its area including provincial guards end sclf-dc- 
corps (Ref. 6.22) 

Paddies, trails, and ’ ly helicopter landing areas are booby- 



it dii. men itspassaoie as t nr surrounding 


Mush is too thick tc penetrate. (let. 6.21, 
o Infiltration Iron egtraterrestr lal sanctuaries hat been virtu- 
ally uncontrollable. 

lit, 

o In Indochi:ia--th* rebels put cats in traps to lure dogs and an* 
*b..»r.«J the F.meh. 

o IV.e northern hill tribes-*the Scdang, Bahnai, Jaral, thode--tradi- 
t tonal Iv avoided the Vietnamese- * gu«i il la bases appeared i n the 
highiautl jungles. 

This article shove: 

o Swamp patrols up CC the waist In water, 

c Vast flooded areas with no clear pathways or dikes, 

c VC attacking a village 4 lotos t surrounded by wet peddyland. 
o A lone VC fleeing through s flooded paddy. 

Since transport problems f-jr operations in many areas have not been 
satisfactorily resolved there is a premium on all g>ar being of low weight 
and easily transportable by aanpack. T>e rule is that the gear must be clearly 
■ore valuable than the materiel It must displace, 

Id s recent study by the l*.S. Army Signal board (Bef. 6.23) It was 
concluded thst-- ground-based loosat surveillance and target acquisition equip* 

6.23 Shite . y. T 6 UrrettT U.E.. South Vietnam Fleets the ked llde i National 
Geographic. October 1961. 

6.2fc Oiapelle D. Helicopter War in Scuth Vietnam; nations 1 . Geographic. 
Hovenmer 1962. 
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iJtiWi'dlv tciiitoiv. li is difficult to see Ih<w the first e.enent 
r*f the ftucc* »*tvi cs^sign* can be flnsllv resolved unless some kind of effec* 
tiw bordrt ..ontiol. wither political or technics), can be realized. It ia 
possible that advanced technolotv. applltd to border aurw* 1 1 Isnce, may he of 
sewr help here. In spite Of the obvious difficulties this seems a prime 
field for effort. The second factor is not clearly a miUt.rv natter and 
hence IS rot discussed heir. 

A program for strategic hamlets, already underway, nay aecurc tone of 
the occes.ary areas, piece o> piece. Detection gesr will be useful in defense 
ef these site*. by increasing warning and perhaps reducing the size of garziaon 


The primary utility of advanced detection technology will be tasted 
in proving the efficiency of combat force! trying to attain the fourth objec* 
tive. 1 In these eperztiens advanced detection of attacks snd ambush, pursuit, 
iid Icsitics :f CAapa «r« prU« toutidezeliwus. 7ne equipment* employed oust 
be highly reliable, as in general they will be replacing other equipmeM, rat* 
g«j «cd simple, as maintenance will be a problem, iney must be usable by native 
troops, and should result in a marked Improvement in oveiall combat efficiency. 

^Although t he search for efficiency ir. combat and other improvement* 
cited are very ia^ertant it is worthwhile pointing out tnat if massive mea* 
su/es such as moss undertaken by the British in Malays are employed in Vietnam, 
the major requirement on manpower is not ccmbat forces out those employed to 
deny insurgents itvii support.,. 
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OPTICS 

This Section it devoted to a discussion primarily of novel uses of 
infrared in antl-gurrllla application*. The state-of *the*art on hlgh- 
resolut ion thermal mappvit la ditcuaaed in 7.1. In 7.2 the utility of 
«rri*'. turvei 1 1 :-.ce for f re -detect Ion. early eitimates, a survey of 
S. E. Asian heat sources are covered. Also, physical factors affecting 
detection and experience are discussed. In 7.3, tie geometrical factor* 
effecting fire detection experiments and detection reliability are 
examined in detail and the current status of work la criticised. A 
research program is suggested and an outline la given of an instrwent 
designed /for tactical use. In 7.4, the question of wake detection la 
reviewed and experimental programs art recommended. Experience with 
current military XR equipment is discussed in 7.5, end some other 
potentially useful applications art brlafly discussed. In 7.6 and 7.7, 
some of the factors underlying instrument performance and design are 
examinee witn special retarence to dttector problems. 
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7.1 snn- of - thi-j 


or pea kksolutioh i 


7.1.1 Introduction 

7.1.2 Principles 

7.1.3 Stete-of-tbs-Art Iquipment 

7.1.4 PrtiiDt Limitations and Kxpected Future Imp ruv •acts 
7.1.3 Conclusion 


7.1.1 Introduction 

Dcrlcts for mwfia* of I*-obeervmblee or* of considerable current 
lAttrot. It is enpected that devices of similar principle of operation 
wtli he uBoful to couoter* insurgency work In Southeast kola or similar 
territory In the event that guerrilla operation* produce telltale evidence. 
Thla peper coneiata of a general description of the principle of tbarmal 
■npper* and a quantitative formulation of their characteristics (7.1.2), a 
brief description of a representative high-quality oqui^ent (7.1.i) and, 
CCM tnts on th* limitations and future improvwents of contemporary 
Mppers (7.1.4). It should be aghast sad that theea devices shew con- 
siderable promise in epplicatione to the surveillance of l«r- tempi ret ure 
targets In the open, such es for instance thermal mkes. 

7.1.2 Principles 

4 therM 1 mapper observer an araa ecd records the Mitt ad Infrared 
in a particular wavelength region. At prceont ell such devices use mechanics 1 
acasners since no suitable IK image tubes ere available. Various mechanical 


icinalai pitumi can b* employed, operation in tithtr tha object plane or 

lu* plau*. Siufla^alHMuC if Afliaf V» awMli ) 

detectors My ba used. lo eha caaa of airborne equipment using a single- 
element datactor and object-plane acannlng, eha target flald t* usually 
dissected in ona dlractloo by tha scanning aliment (In tha simplest form 
a rot a tln( mirror); the datactor *aa* auccasalvaly th* alMancs of a linear 
•trip ("lina") of tha target flald. Tha alMant *laa ("spatial resolution") 
la determined by tha lnatantanaoua fi#ld-of-vi*w of tha equl^ant unlaaa 
"shaped aperture" (and data protesting raqulrad by It), ia uaad. Tha 
"lines" constituting tha target field ara than acannad by virtu* of tha 
•otloc of tha aircraft. By adjuating th* a can rata (Unaa acannad /aac) to 
tha ratio of vahicla ground apaad to vahicla altitude, tha entire targat 
field can b* acannad without ovarlap or "indarUp." By expaalng fils to a 
light spot modulated by tha datactor output and moved ralatlva to tha fl In 
In conformity with tha acannlng motion, a ona-to-on* corralatloo baewaan 
tha dansity distribution of tha davalopad film and th* irradlaoc* In tha 
i.f.o.v. way ba obtained. 

Kay characteristic* of tha raaulting thermal map ara ita "spatial 
revolution," and "tamparatura resolution" (i.e., the minima taperatur* 
diffaranca of two "gray body" alimentary target area* of ldaotieal amla- 
•lvitlaa which caua* a diecamibl* diffaranca in density). Since th* ir- 
radianca fra an extended aourc* la directly proportional to tha fiald-of- 
vlaw, the tvo characteriatica tend to oppose each other. That ia, for in- 
creased spatial raaolutlon, tamparatura raaolutlon must b* sacrificed and 


lnatantanaoua f l#ld-of-vi*w. .7.3. 
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7,1.2 QifDtltt civ Characterlatl ca of Airborne 3S££fe>SiiiJLil 
Themal H*PP*r» 

L*C u* apecify that 

4} • instantaneous t'lild'ot'Viw (•ttradtan*) 
s • total scan angle (radian*) 

V ■ vehicle ground apeed (ta/eee) 

B • vehicle altitude (kn) 

H • nu^er of elements scanned per second (sec l ) 

Sk. k ■ effective aperture (ca ) 
f - focal length optica (c») 

2 2 

4^ • area aeaicooduetor detector (ca ) * flf 

* , *1/2 ...-lx 

D • effective detector detectivity (ca aec watte ) 

la the caae of a linear (Una) acanner the m«ber of elements 
ecanne d par Second and required bandwidth are 


Systca aenaitivity can be apecified in teraa of the noire equivalent power 


of the detector 


a_ l/2 fd« l/2 A_ 1 ' 2 v l/2 


and tne noiae equivalent ptwer denalty la 






if the rtdUoct of the ur^it field (In the spectral bard 6f for which the 
value D* applies' it (watt* ka.'*etcrail. l ) and the effective tranemla* 
• ion of the path U then, at a slgrul-to-oolse ratio of unity 


NIPD - t Ai t» A . 


frea the above identity, A^ i* v 


, * 1 /Ve V , 2. 

* ' D * ‘ix'ax ' lc " ’ 


Conversely, the instantaneous f ield-of-viw, fJ, is: 


1 * wT TIT &) tttaradlan.) 

'L\h\ 


Than, the subtended erea, that is the spatial rasolution at vartlcal look. 


* l ^At s spectral radiance of the target field of H(V) (w.e».* 2 starad. 1 
micron' 1 ), the values of t . , I,, and D*, are determined from che follming 
relation: 

) 

r 2 

l t (•'• )U( A)D« ( k )d-*. • t 
K \ 

There, >od 'j are the upper end lower wavelength Halts, respectively, 
of the spectral region £>>. 

f2 *lf scanning sfflcisncy, », is less than unity, tha required aperture 

A A 

A^ f is larger chan the ideal aperture A^ and A^ # ■ “X7i * 


l 



Of course, »i rannoi he *«aUer thin thr irtulutlon of the optical l)ritta l 
Ihia criterion la relatively easily satisfied fot object plans scanning whsrs 
only a mil wsll-definsd 1m|« field ie required. For Image plana scanning, 
the optical lyitn nay be difficult to design If the spectral region of 
detection extends beyond a few nitrons and a wide angular coverage la re- 
quired. Movsovtr, the resolution attainable in practice nay be Halted alto 
by the mounting stability of the optical system because of vehicle vlbretlcn 
and flight roughnesa. Also the tine conatant of the detector must be charter 
than the dwell time M \ by a factot of about 3 or 4, or the signal !i« a 
resolution area will not build up to full level , leading to a fa lee indica- 
tion of Chef lrradiance from tft# resolution area with raspact to the ir- 
radiance from an extended area of tha tana radiative characteristic*. There- 
fore, long detector- tlas-constant can only be tolerated when a niabtr of 
independent detec tors- -arranged in an array parallel to th* direction of 
flight --ere being used to sufficiently Increase the dwell time per detector. 

Since the target area subtended by tha fleld-of-vlaw is dependent on 
the scan angle, the spatial resolution verias along a scan 11ns with scan 
angle. This variation may be expressed by the ratio of 


where Is the resolution area of the terrain at vertical look ana i^ le 
>---•* — * — •»— 1 « -# n A la tha mlnlmuii attainable 


rh* resolution area at the scan angle of o 


^The approx last ■ variation with tha invars* of cos^ le due to the 
feet that tha projected area varies with tha Inverse of coe^ ***• 

subtended are* is proportional to the projected area and- -approximately— 
to the inverse of tosc x . In effect. In this approximation, we neglect term* 

containing sln^(l/2 and wa take cue 1/2 as unity. 


raaolut Ion for a gtv«n avatca. By changing the acan pat tarn to a circular 
»t«u t>u« vimIu vli« »itc of i ha i «aoi jl ion area tonittnt Out tha retoiu* 

c too would ba worae than tha baat achievable, at tndlcatad by Eq» (5). 

For a tart at fit Id of gray body radiator, Is 

* e iA *' >l4 

whet a 

» spectral efficiency 
c » effective anlaalvlty of tar* at field 
I ■ affactlva taaparatura of target field in °E and 
p • 1.6 * 10' l2 wott« ca. ' 2 aterad." l (°K)‘\ 

d *uX 

Tha change of with taaparatura, ~J~ *• 



. __4 (U . 

— * 13 ♦ — 


°4i 




. (ad. . Sii a i **«•) 


Thu*.. frae Eq. (3) and '6), the t=pcratura different* at which tha ctnnge 
in algoal aquaia tha detector note*, if la 


„ . I ( £ . tlH) 

* 'V t *a>'iv W »4* * J 


Since tha csleslvity la a weak function of taaparatura and at aoall values 




(•) 


(7) j 


I 






of AT AT <. 10 ^T) the term oi — r** 1 la insignificant f«r Spectral 

P AX 

region to Cvu*iJ«s u«wuu»« oi Jetector sensitivity, the second tod 

third tana in Eq. (7) ay b« neglected. Than, tha "temperature sensitivity," 
CAT U 


-X- 1 ( V2V 

A D*0 * ... _3 ^ Hs 


A\4pT 


(I) 


It ia of interact to note that tha temperature sensitivity defined 
for completely filled field-of-vi*w ia practically lode pendant of scan angle. 
TMe ie ao because the radiant p7.cr in tne tield-ot-viev (except at the 
ax treses of the ecan angle approaching + 90°) ie independent of ecan angle 
end the decrease of path traneaiesion with Increasing path- length ie in- 
significant under average meteor o log leal conditions. 

7.1.3 State-of-the-Art Equipment 

The note recent therm 1 sapping device, to our knowledge, la tha 
AM/QAS»5(EX- 1), developed by Texae Interments under Army Contract DA- 
36039SC78224. It eppeara to be a repratancacive of tha baat equipments 
within the capability of tha present state of the art. 

Spec! fleet lone are tnat 

0.05 - a ^ 1,0 (redian/eec; 


Scan angle: 

Scan rate: 

Instantaneous field-^f-view : 
Detectors : 

iu.ru ub :t • >uu lu:pa>: 

Noise Equivalent Tmperature 
Sensitivity: 


180° 

250 scans /sec (lines /sec) 

2 nrad 

InSb(77°K> (3u-5u) Go * Hg(30°K)<fc»-13U) 
1.85 x 10* l0 w/cm 2 3.06 a 10‘ ll w/cm 2 

0.3°K 0. 05°K 
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rowr requirement: 900 VA 115 V+ 

50 W 28 VOC 

^^?oc?^ng for 

C« | lij dttactjr: 1 liter liquid Nr for 100 

hour* of cooling 

or: ) liter liquid Ho cor 5 

hour* of cooling. 

The film l • exposed In the airplane end is developed on the ground* 

The detectors ere said to be easily interchangeable. It hee been re* 
ported that nodi fleet Ion to provide a 10-mrao instantaneous tleid-of-view la 
cosily eccrmq>Uahed. 

In the latter case, ths noise -equivalent temperature sensitivity la 
said to be 0.006 J K with Ce ♦ Hg detector. Under the same condition the 
temperature sensitivity using luSb would be 0.026°l. 

The provision of flexibility of selection of spectral region and 
spatial temperature resolution may ta Important in uae of the equipment for 
liurial studies since the sites of target areas sf Interest and thslr tem- 
peratures relative to the undisturbed (natural) terrain ere unknown. We 
have heard chat the equipment provides for expansion of any selected region 
of the film's density range. This feature Is very valuable for enhancing 
slight radiative differences In e target field. 

Of tw e rigid* 1 units of this equipment one unit wee tested by the 
Signal Corps under tropical conditions in Panima, and returned to USA MDL; 
the other unit was delivered *.o Fairchild at the Yuma Taat Station for 
drone tests. We underttard 10 units are being procured by the AF for recce 
ust In the K7110. 

Texes Instruments has built e similar equipment for the ftcrlppe- Insti- 
tution of Oceanography with an lnatantanaoua f leld-of-view of 20 mrad and an 
expcccsd .amperstura sensitivity of ehov? 0.003°K m the spectral region be- 
tween 6 and 13 microns. 

•or magnetic :ape, or e "lest -mile" electronic display may be used. 





la principle, th« performance of thermal mappers la limited by *be 
sensitivity of tha detectors and aa better and battar dstsetora bacaaa 
aetlUelc, thermal tapper performance ahould Improve proportionally. In 
practice, however, two other important factora muac alao be considered. 
There are the atable platform and the recordlo* (diapUy) art which a-a 
perhaps 1 tail t Inf the presently achievable spatial resolution. In addition, 
the recording medium limits the dytwmic range of inforuaiioa. 

A serious limitation c*. performance is dus to scanning noise, 
especially In l^gt-pLane scanning. Object-plane scanning hat the die- 
advantage of requiring bulky equipment. Moreover, constant resolution and 
scale factor In the entire map may or may not b« obtained depending on the 
scan pattern. 

H laage tubes, when perfected, should remove scanning difficulties 
and glvs some improv^ent In sensitivity by virtu# of eh# rsductloo of tha 
affective bandwidth from the Inverse of the "dwell-tlae" (the tlm# an 
elrnsot is being scanned) to the Inverse of the "fraae-elne" (the time the 
entire field is being scanned) as is the case in conventional television. 

At Hentleal surfact sensitivities for tha single elment detector and for 
•q lmagt tuba, an Improvement in sensitivity proportional to the square? 
root of the ratio of the respective bandwidth# could bs expected. Hwaver, 
at least for e certain length of time, a full realist lot* of such gain will 
probably ba prevented by noise produced in electronic scanning. Unfor- 
tumtely we ere not able to predict when suitable Image tubas will became 
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A« the performance of chirail mappers improves, the amount of infor- 
■•t loo in future -spa will in rr«. f slee. C« cow..., .o ucruii of in- 
formation per st, is of little use without proper •valuation. Sine# con- 
temporary nap* nay already saturate the capacity of hiaan (viaual) evalua- 
tlon (the accuracy and rate of vUual evaluation la definitely leaa than 
desirable), the importance cf automatic data-proc easing la evident. Hov- 
•ver, an assessment of the utility of automatic data processing applied 
to thermal mappers and a prediction of future advances cannot be made 
here, In any appreciable detail. But should be noted, that a significant 
progress could be assured if, for instance, the existence of a peculiar one 
dimeualonal but low thermal gradient In a two-dimensional field could be 
in (aleoet) real time, automatically eatablished. Such a capability would 
considerably increase the merit of wake-detection, when, of course, this 
proves feasible. 

7.1.5 Cone lualon 

Thermal oappleg is a highly developed art. Navertheleaa, future 
improvameot can be expected primarily from superior detectors, including 
image tubes, ss far as sensitivity is concerned. Concerning resolution. 
Improvement in auxiliary equipment (such as stable platform) la perhaps the 
more urgent. Improvement tn optics by judicious use of aperture- shaping, 
ia also proejising. However, the need is perhaps the greatest for automatic 
data- processing. Although these needs have been recognised and the lack of 
the«r fulfillment Is badly f#U, the capability nt contemporary mapping 
techniques In appropriate application should be very useful in guerrilla- 
warfare. 
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7.2.1. i'.«n-ra 1 

7.2 1.1. Tnt rodu ct ion 

Very earlv in the £ turfy it was suggested *chet aerial 
detection of fire* In Jungle might be a very good Indication of the 
presence of guerilla encampment*, given other necessary data. As pointed 
out In the preceding section, r.o other aerial surveillance technique had 
been useful In locating such basis. 

It was argued that a) rice was an absolute essential in 
guerilla diet and that b) rice must be- cooked. This argued for the 
existence of campfire* and the possibility that careful thermal mapping 
of an area might detect such fires. If the canopy had aven small holes 
and the mapping waa right, a direct look at fires could be obtained. A a 
saaa earlier In Section 6 it is inJeed very likely thst many small holes 
vil’ exist. If '•here were no holes, but enough Urge fires, indirect 
detection of heated canopy, or warm sir columns might be possible. 

In area D, about 1C, 000 VC were supposed to be normally 
encamped . Ccoktr.g rice for thest sen each night would require some 3000 
KV hours of campfires. Initial calculation* (see 7.2.1.?) argued for 
detectability . 

Arguments against the utility of such surveillance were 
that a) individual* cooked their rice in small ante,, ever charcoal stovoa, 
or on very small fires; b) that community pots would obscure large fires ; 
c) that campfire* probably weren’t common, d) that there ware always many 
natural fire* in the woodland*; and el that lr. many saasona of tha year, 
dut to high humidity, cloud*, or rainfall, IR reconnaissance would be 

*B. Alexander after ForEaat Survey Trip (DRC Pirst Monthly Letter Report) 







impracticable. To resolve some of theae questions on haat Swurces, 

CDTC (Thailand) made inquiries In the Pat East (#-« 7.2. 1,3). 

A survey of U. S. activity disclosed that the U. S. 
Forestry Service was already running experiments on fire detection 
(set 7.2.)). The Contractor studied this problem In detail and 
re cowended *n additional iciaediate program involving e planning 
exercise to define environmental measurements and controlled field 
teats. During the study ARPA funded a piggy-back experiment In 
Operation Tropic sn (see 7.2.4). 

Factors affecting controlled experiments on fire 
detection are defined in 7.2.2. 1. 

The problems of surveillance for fires with existing 
equipment, the design of suitable field experiments, and a suggested 
Optimised equipment are covered in the next major sub-section (7.3). 

There seems to be, currently, high enthusiasm for 
this technique and tht ua# of present thermal mappera In operational 
reconnaissance . The Contractor believes (11 that the requisite basic 
sod field test progress still must be planned and carried out; (2) that 
existing thermal mapper* arc not in general suitable for use for flra 
detection in S. t. Asia, and (3) that a very suitable equipment could 
be rapidly developed. 

7.2. 1.2. Caapfirc Calculations 

An early calculation to estimate campfire output la 
Included here for completeness. 
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a) The Canonical Campfire 

S«y rh*r I litfr of ***** wn«f b* held at b^l'lng tet^erature 
for twenty ulnute* to cook one 2i-hour rice retion. If the 
3 X 10 5 Joule* needed were supplied In an equal tin* period 
the average heat input would be 2 50 watte Evaporation, 
radiation, ar^ convection lo**ea, with care, might be 
comparable. Hence, for a campfire very well-coupled to the 
pot aubatantlally 500 watt* would appear a* low temperature 
heat. 

The inefficiency of «uch a campfire will ahow In two waya: 
radiation directly from the hot coalf (or flamee) and 
radiation, conduction and convection from the walla, etc. 
of the fireplace. 

2 

The coal* (at about 2000°C) radiate roughly l watt/cm in 
the visible, 70 watt*/cm 2 in the near IR (-75 - 1.5 u) end 
125 watt* /cm 2 in the intermediate IR (-75 - 10 u)* Thua, 
ever, one square inch of exposed hot coal would cauae tht 
radiation of more than l KW. Expoaed flamaa rad lata laaa 
par unit area totally, but almost aa much in the vieible- 
near IR region*. A reasonable guea* for a small firt ia that 
at laaat 500 watts would be radiatad from the coala or flames 
(corresponding to one-half *quare inch of axpoaad ignited coala.) 

Since wall losses, etc. ara vary wutdi like thoaa from the pot, 

It la not profitabia to make very fine distinction. It la 
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reasonable to asauoe much heat end* up In exposed valla, 
grates . supports, etc. as ends up In the pot. 1. e. about 
500 watts. The 1 KW assigned to the pot and wall losees auit 
be divided between heat which wanes the air and radiant heat. 

If we as sua* the radiant heat emitted frets 100 C surface*, 

.6 a* of rsdiator would suffict. 

Finally, an additional quantity of hast (fortuitously about 
500 watt* also) can be expected to heat the air in the 
vicinity of the fire. The hydrodynamics of this flow la 
quite complicated and we have not, as yet, bean able te 
•at iaate its character latics . 

In ausmary . then, it aeema to u* reasonable to postulate a 
canonical araali cooking firs* with tha following character- 
istics: 

3.3 cn 2 of coala at 2000°C radiating 500 watt*; 

4500 cm 2 of wall*, etc. at 100°C radiating 500 watte; 

A rising air column (all* and tenperature not yet 
determined) which carries away 500 watt*. 

Th# rising column alao ha* gate* and particle* antralned which 
may ba of interest. 


b) Optical Transmission Path* Thru th* Jungl* 

W« have virtually no information from which th* absorption and 
ecattering cf optical and IR aignaia by jungle foliage can be 
a Hbr-tv search will be initiated ahortly and may 


produce tome oat*. 



10-100 times larger than tha ama' 1 fir* 
be normal if group cooking i* practiced. 



A very i.'.igi- hi> ind .’i' the si t vimei i .»n nt visible radiation 
from tires 1:1 the jurats si.-n^ pains i> eitburt.e sensors may 
oe dtfjjctd trom me alleged feet that one can read a map in 
most Jungle conditions Juilng broad daylight, but cannot at 
dawn and/or dusk. 

The noon (clear dav) illumination (in the visible) at the 
jungle tep Is shout .Ob w/un* end the dusk illumination (sun's 
sltitude » cero degrees I Is 10 3 watte /cm 2 . The ill<.minttlcr. 
required for reading a map is somewtiat greater than full noon 
illumination (10 ^ w«t t a /c n ? j . Assuming thst attenuation down 
to ten timet full moon illumination is required to deny eiep 
reeding, the trensmlsslon, conatent T in the visible cen be 
estimated by 

5 * 10* 2 t > 10* 7 


and 


10* 3 ? < icf 7 


or 

10 *^ * > 10* 6 

The geometry of the path through the jungle will be worse 
for an airborne scanner than for moonlight. The total field 
of view of the airborne device will be of the order of 1 
steredian, hence the maximum tenlth angle la 1/2 radian, and, 
in conaequence. the artanuation Is substantially that of 
vertical incidence transmission. 

The estimates made above for attenuation in the visible can be 
extended to at least the near IR( . 75 • l.5u) by the following 
argument: 
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Th« transmission of optical radiation through tha Jung la 1* 
partly by means of atat Latical ly occurlng openings in the cover 
and partly by scattering from large scatterers auch aa leaves, 
branches, etc. In the rase of paths through openings In the 
cover, geometric optics certainly apply for the near and 
probably the far IR. In any case, transmission would Increase 
with wavelength due to diffraction. In Che cate of scattering, 
the wavelength sensitivity of the surface reflection coefficient 
will be controlling. Data available for the near IK indicates 
that the reflection coefficient is, if anything, higher than In 
the visible, the reflection coefficient of the Jungle foliage 
at far IK may be as much as 10 times lower. 

The fact that in both mechanisms producing transmission, long- 
wave IK propsgstss at lssst as well as the vlclble makes It 
safe to use the bounds applicable to visible tranaiM r?ion to 
the near IR. Since the dominating mechanism is not known, the 
b«inds do not apply to the far IR. 

7.2. 1.3. Haat Sources 

Ho data on the incidence of natural firea has been 

obtained, but a survey of llkaiy heat sources was made by CDTC (Thailand) 

(ref. 7.1.). Tor convenience these data arc repeated below: 

’Discussions with spproprista personnsl In Vietnam have 

resulted in the following conclusions: 

a. Heat Source : A heat aourct that can be associated 

with most guerrilla groups Is the cooking stove. This stove Is e portable 

7.1 Itr. 18 Sept 62 T.W. Brundage to R. C. Phelpa, Asst. Dir. Remote Area 
Conflict. ARPA 
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earamic or baked clay devlc* cocnort to the Last and frequently called by 
the Japar.co* rtu* 'TtibiCMi". Charcoal la the universal ruei. the clay 
atova le a hollow vertical cylinder 10 to 14 Inchaa In diameter and 14 to 
18 inchaa high and open at the top. A (rata on which the charcoal la 
placed la located above an air-port In the aide of the cylinder. The 
food la cooked In a round -bottom iron kettle or flat-bottom pan which 
la placed directly over the open top of the atove. Thla type atova la 
large enough to cook the food for a squadron (8 *12) of men. Thla heat 
aource will be employed In all reglona from the delta country to the 
mountain* A aecond heat aource la the email campfire. This fire li 
found only in the mountain! region* and ie employed during the early 
evening hour* for warmth. The fuel la wood, aa oppoaed to charcoal and 
the fire ia laid on the ground. The fire ie carefully tended ao aa to 
produce the minimum of emoke and remain email (fire - bad of 12 to IB 
inchea diameter) In order to permit rapid extinction. The uae of other 
fuela la extremely unlikely beceu. v of loglatlc problem*. 

b. Shelter : Under the majority of condition! the 

chervv*! rtove will be used outside of huts or lean-to's. Under stable, 
secure military conditions the cooking may be done In a hut or lean-to, 
particularly In the mountainous region. Camp fires will be built outaide 
of a hut If a hut cxlacs. 

c. Surrounding Environment : Guerrilla activity la not 

limited to tropical rain foresee. Consequently the cooking atovaa will be 
used in foliage ranging from 4 to 5 foot high scrub trees end bruah to denee 
forests. Any foliage capable of furnishing protection from vlauel observation 
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can conation* surrounding environment . 

d . Tie* s? day cf are: 


fire activity : Ir. the 


m 


opinion of personnel queried, the time of greatest cooking activity U 
• 2 to 3 hour period centered around sunrtae. H«#*v*r , it was atated 
that tone guerrilla groups cook In the evening and that the activity 
covert a 2-3 hour period centered around aunaet. Camp flrea generally 
exist for about 4 hours starting at sunset. 

e. Additional heat srurcea : No additional significant 

haat sources are believed to exist. Charcoal Is stolen or confiscated by 
guerrilla troops in tha delta regions. Troops in "safe" areas may process 
charcoal, but this la believed to be unlikely. No armament foundries are 
believed to exist other than individual us* of a charcoal stove aa a forge." 
(ral. 7.1) 

7.2.2. Detection 

Radiation frem a campfire may be seen by an airborne sensor either 
along a direct path through an opening in a canopy or indirectly. Indirect 
detection may be possible of light reflected into the f ieid-of -view of the 
sensor by foliage vith favorable or lentaiiuua. Also, if c portion of the 
canopy over the campfire is heated sufficiently, the presence of the camp- 
fire may be Inferred by detection of the "hot-spot" aa an unuaual Item In 
tha background. In principle, it is even poeslbl* that a difference In 
transmission characteristics of the air due to accumulated ccabuetlon 
products, could ba detected. Of these possibilities the most interesting, 
clearly, la direct detection. 






For * coaplctt evalueHi'n . the targets should be known 
m -liuu. in* details are the spect* 1 .*! radiont Intensity as a function 
of angle, tinw and all*. An additional parameter for tactical targets la 
the configuration, that la. the fire (oven) and cooking utensil. The 
target characteristics — together with the path-transmission and equlpment- 
characterlstlce — ahould facilitate a conversion of measured de tact Ion — 
probability of almulated targets to that of tactical targets. 

The transmission-characteristics nay ba sufficiently 
established when Che amount of water -vapor In the path and the length and 
alant-angla of the path is known. If the vertical profile In the target 
area > of the nixing ratio of water -vapor and temperature la known and la 
reasonably constant, tha relative. humidity and temperature near the ground 
may ba the only input necessary (in addition to the geometry of the path) 
for calculation of the path-transmission. 

To evaluate experimental data obtained on fully viewed 
targets, data on tha Inatantaneoua fleld-of -view end eperture-area of the 

scanners ahould suffice because of the large target-signal to background • 

* 

signal ratio . On tha other hand, tha senaltivlty of the various scanners 
ai.d their spectral response must be accurately known to evaluate data from 

♦Assuming that the scanner has a (i mired) 2 inatantaneoua fie Id -of -view 
with a uniform response between 3 and 3 microns, end tha range to the 1100°K 
target of 11" diameter Is 1 km, the ratio of tha target signal to the total 
(dc) signal from a 300°K background is about 25. at identical emiaaivitlee of 
the target end background. This ratio decreases to about 7, In the spectral 
region between 8 and 12 microns, but rapidly Increases In regions below 2 
microns. However, the effective background signal, l.e., the variance of the 
background -radiation in the field of view, will be by order* of magnitude 
smaller than the total radiation. Consequently, we deal, at fully viewed 
targets, with very large signal to limiting -noise ratio. 

m 
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partial ly viewed tirgeef (i.e., when the annular alae from the tariet 
of the effective opening is considerably smeller than that of the 
aperture) . This need can be best fulfilled when the scanner* are 
calibrated to the same snuice both before and after each aliPlon. 

The calibration source could be a container filled vLth water of 
known temperature. .The surface of water should be about four times 
as large as tha area subtended by the scanner to aasurt chat the 
surface completely fills tha fleld-of view. Ae a substitute solution, 
a suitable area of a runway would be perhaps also sufficient to deduce 
the sensitivity of the ecanners. 

7. 2. 3. 2. Induct 

In order to facilitate determination of detectability 
through an Indirect path, the follcwing Input data should ba available; 

°Spectral reflectivity of foliage of tropical trees. Theae 
data arc necessary for a judicious choice of tha spectral 
region of detection of (multiple) reflected radiation. 

Because the sensitivity required of an airborne scanner can 
ba attained only in a relatively wide spectral region tha 
necessary spectral raaolution---excapt in the visible region-- - 
of tha measurement a would be low and roughly determined by the 
atmospheric windows below about 3.5 microns. This limit appears 
probable because of fhe relatively strong saLf -emission compared 
to tha reflected radiation that seems likely to axlet at longer 
wavelengths. Pinal Judgment of this aspect la possible only 
with reasonably detailed data of the discussed type on hand. 
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°Frnhab i 1 1 1 y th-t a given fraction of radiation emerges through 
(multiple) reflection fro® the jungle-top. Thee# date may ba 
regarded as complementary to the characteristic* of opening 
geometry when disregard log spectral reflectivity and target 
intensity. In this caoe. the emerging radiation la a function 
of follage-sise and relative orientation. This geometrical 
characteristic could be perhaps obtained by measurement# In 
one spectral region chosen when the apectral reflectivity la 
known. The difficulty in performing such measurement#, la 
that •••In contrast to the measurement of the opening geometry 
of a canopy — a point source has to be used, the Jungle-top 
has to ba mapped and aUo, discrimination must be made 
between reflected and direct radiation through openings. 

The moat practical technique is perhaps a two-color mapping 

of the jungle -top but no staple method is envisioned that 

j 

would readily assure attaiwaaot of the objective. Thle la ao 
because of the need to dtetlngulah batween reflected and dlract 
signals. Wniit this may be easily achieved at large direct 
■ ignals coming through Urge openings. dtsertmineMon between 
low-level signals could be extremely difficult unless the 
reflected signal always comes from a large area whereas the 
direct signal is the smaller, the smaller the opening la. 
Vertical temperature -distribution and horlsontal extant of 
Isotherms above a continuous fir* of known intensity. These 
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lively e^silv obtdinablt djta ate necessary to determine 


the possible existence of i measurable temperature rise of the 


top foliage, due to heatl'ns by the fire . 


Temperature map of too foliage. Once the possibility of a 


temoerature rise nas been deduced from measurement s mentioned 


before, an attempt to detect this file could be best made by 


means of an airborne therm..’. 5 mapper having a fie Id -of -view 


matched to the apatial extent of the temperature rlae- 


Aaount end concentration of combustion products emerging f rr» 


Natural variation of the spectral radiance of Jungle-top- 


Data needed to establish the magnitude of the "background 


noise" both in direct and indirect detection. 


7.2.3. Forestry Service Program 


In July 1962, it was found chat the Northern Pnrear Fire Labor- 


atory, Missoula, Montana (U. S. Dapt. of Agrlcultvre) had bagun a small 


experimental program (ref. 7.2) funded by OCDM, to evaluate the utility 


of IR techniques in detect ion of forest flrea. The program la under the 


direction of Mr. Stanley Hlrsch. Northern Forest Ptre laboratory, 


Miaaoula, Montana, Telephone: Area Code 406, 543-5167. 


The experiments are carried nut in the Mlasoula forest area using 


an AM/AAS-5 thermal mapper vA loan from the Signal Corps, mounted in a 


Twin Beechcraft serviced by Johnson Aircraft. 


Fires are als*lated by burning charcoal In 1- or 4-square ft. 


drum containers (10" and 24" buckets of glowing charcoal) at a surface 


♦This type of measurement has been made in Operation Troplcan 
but the results are unknrwn to ua. 

7.2 0. S. Department of Agriculture, Forest Service, Intermountain 

Forest and Range Experiment Station, Ogden, Utah, Research Note No. 91, 
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Table 7.2.1 

CHARACTERISTICS OF SELECTED SITES 



SITE 

I 




Spectra 

Pondernsa pine 

% 


Si* ** *** , clas-* 

Squ 11 pole 

« 


O.H.H.* 

4-10 i oches 



he 1 ghl 

20- 50 feel 



IN, ( t Ofc/*i r rl( jo 

.10-50* 

. 


Asp. cl 

SouiH-ei-»t 

r 

sire 

Ji 

Sp t 1 . - Vor.de i 

iiSd pin. - D«>i.*la > 1 ir 



Sire * 1*'“ 

Pole Si I' d 



D. 9. H. 

i I2f incite 



He I ghi 

20 60 f.-et 



Li ve t town r,u io 

50-/01 



Irtrt' 

Ba*al Area 

70 sq ft/acre 



Aspect 

North-e ist 


SITE II 



Spec lex 

Pond- roi. ; pi ■ • 

♦ 

Side c las? S-ipl lOd 

-sitw 11 pc I.- ( -i . . 

l 

D H. It. 

.-6 i 'it hi 

o. 

He Kill 

;0-. • 1. . 


Lr>»» i - own rat 

M- 2' 


A-p. oi 

o-n.it -,,-r 



SUE 1,1 




| 

Sp 

l »e« 


t> ...at : - i 


Si 

/e lldi- 


Sia. II ..*w I iir * 


D. 

B. H. 


2- 18 imC 


H 

i *iht 


I *~7i* |.< 


Li 

Ve tr. wn rat i<> 


20- W' 


Bi 

>a 1 Ale- 


SO - i ft /jif. 


| Aspi t 


ta*'. 



NOTE: Thic la 

the 

only Douglas fir 



aland and this 

may 

account for sooe 



of the low per 

cent 

of openings. 



*Dlameter at Brcaat Height. 

**Ratio « height of live crown to total tree height. 

***Sq ft wood at tree base/a-Te--' corawm foreatry measurement. 
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7 2 1 1m • Jh\ ' «-'*i 

Opy.it i>n f t .*p : i h. A* rial Senainv of Tropical Sur- 

faces-*was conducted t»j the Phoi ,..g* »i-i.k . m . i f «. t <it ion Rematch Division of 
the u . J> . Army Cold Regions ftes*ai<n and E"ci o. . ring Laboratory (CRRCL) of the 
u':S. Army Mateiicl Command wit' cof.it at i u tii.eiMty of Michigan. It* pri* 
taary purpose wa> the develop. rwnt c<t m., i i luand sensing techniques for obtaining 
data on (1) remote tropical auUt? Uat.r.* / soila. rocks, vegetation, etc.) 
and prediction wf odiavioral chatac t«-ri»t u » and (2) evidences of military 
activity against vac rous Dackgt ou~.d> (vehicles, equipment, personnel, etc.). 

The operation was conducted in 1962 in Puerto Rico. The tasks included 

(a) a literature and airphoto studv »’o) tn. U’Catton and uti llr*t l°n of one or 
more pilot study ateas representing a vai let,' of ttopical backgrounds (r) rh« 
Installation of special targets and (d) tnr conduction of coordinated air/ground 
aerial sensing missions (night, day. diurnal monitor, scale, detector type, etc.) 
and (e) the preparation of a comp: die. » i .v report with cecossaendatlons. 

On August 1962 a meet »"« wa~ held at ARPA's request to dis- 
cuss the possibility of a piggyback no cm ]nr interference, experiment, daring 
the Tropicari exercise. A ORc oosrr «r attended and discussed relevant exper- 
ience. It we» agreed at tne meeting tnac m * -detect i«" experiments would be 
carried out under the direction ct he. R >n r -t f:o«i fCRREL. Box 282, Hanover. 

New Hampshire, Telephone; Vhite-Rivef ..'unction ermont . 802*295*3415) and chat 
a DSC representative would take part as a tech- ical observer. 

Plana for 1R instrument at : >n we*e described as follows: Two 
1R scanners were lu tie > iuiu l lai'eius I s '.’peiaicd with ins tan: ancuur f ivlds-nf-view 


cf l mrad and s 


as desired. An InSb (2u-6g 


t 



mind, tind on 


detector w~..lH h* f.. r r-iutl^ly iWni....i u ., .adiatmn and a (* 

(8h-1Jm) detector for tadut Ion at ambient t -tnptrarure. The spectral range 
could be further 1. mi ted bv filter* to the r** Iona between 3 and 4 microns and 
k*^ ween 4.5 and 5.5 micron*; furthermore, anotner filter was to be available 
that aomewhat narrow* the fy-Up region to exclude the edge# of this wiMnv 
that la aenaitlve to variations of absorber concentration in the optical peth. 

By keeping the various detector packages prc'olod during a 
mission a scanner could be changed in {light In about one or two minutes to 
obtain a deaired f ield-of -view apect ral *respon*e combination. Thus, it would 
be possible to map the same target field with various spatial reaolutlona and 
in varies *p«ctral legions, under practically invariant condltiona. At an 
lnatantaneoua f ield-of -view cf 1 mrad, a temperature sensitivity of better than 
0. 1 K ia expected in the region between l and 6 microns and. better rh*n 0.05°K 
la expected between 8 end 13 microns tor ambient temperature targets. 

The in format ion wee to be recorded on 70 m photographic film 
and on Mgnetic tape*. (The rap* is very impe-t.int as it facllltacas the Investi- 
gation of various data processing techniques for optimum evaluation ol the ob- 
tained information. ) 

A single channel ladicm-tei with either G*-Cu or InSb detec- 
tor, In connection with a chart recordci , would obtain quantitative data on the 
temperature of the terrain directly underneath the airplane. The instrumenta- 
tion a lac vas to include a It- 17 aerial camera and an f-tn cosnunlcatlon link to 
ground. 
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0 . : tug (U rov'tirv; A t Oondfcllov (APCIN-1C4) re* 


ported on eien ium * of A 1 * Fo»r.\ 1 1 i»*nr, t •.cn.,n<i ir* •t'uthsas: Asia. 

A Reconof ax VI has been used (and operated *a 1 1 * f act or 1 1 y ) In conjunction with 
photography and radar (L-banJ.J, Itit JR and nigh resolution radar did not pro* 
durr much Information hut did improve overall -teeing somewhat. [On on* occaalon 
a boat In the ahade of a bridge was seen with IR while invlalbl* on photograph.] 
Neither aenior gave much data on ground under canopy. 

The DRC opiet v* t tuggested us* ot a thortkt wavalangtlt apac* 
tral region at dusk and In night-time rotation* in order to lncreaa* the lira 
signal* co*background ratio. Hr. B. Lyle Hanaon (CRR£L) auggeated paaalv* micro* 
wav# radiometer measurement*. Neither suggestion waa adopted. 

7 . 2 . 4 . 2 . Planning 

In October the following general information on plana waa 
obtained from CRUZ I by telephone: 

The target-area selected waa In the LuqulUo National Forest 
(also called Luquillo Recreational Area) about une*hour drive from San Juan, 

Puarto Rico. Ttu« la ujuuntainou* and contalna rain forest believed to he 

similar to those found in S.E. Asia. Unfortunately, the rain-foreat Is on 
mountain slope making the geometrical situation fur mapping unfavorable. For 
reasons of safety, the minimum altitude above the targets might be a* much as 
3000 feet. However, the Selected are* facilitates the placement of targets 
under various canopies ranging from the completely open tu the extremely dense. 

Plans Included establishing the characteristics of canopy 
and measurements were to be made of the daytime illumination at selected pLacss. 


3MP 





It wes .ilv) pl«» (d to mt lure the vn ileal temperature die* 
trlbution above the lire* up to 200 f r *t If poiiiMr. by means of ha l loon - 
arunted temperaiur* probe- ( ihet mocoup tea or thermistors). 

The tercets would he emoideflng cha r roal, about 10 or 12 lbs 
In baskeLe ul 14" * 1 dieowter. jh* surface* t rmprf at ur* of the charcoal is 
estimated about 1100°K. ''These targets very closely redembl* those used by the 
Forest Fire Laboratory, Missoula, Montana.) The power dtauiouliun from the 
targets was expected to be Plancklan. aud "quite a number" of them were to be 
used a tmultaneous ly. 

In addition to the University of Michigan's plane, three Air 
Force planes from Rome <ir Development Center would partlcl***?* in rhe mapping, 
as arranged by Major Yarbrough. The airplanes would fly, par mission, a ma&ar 
of passes at various altitudes in order to include at many different "looks" aa 
possible In the practice. No other data were ob.ained prior to the exercise. 

7. 2.4.3. Pgpsrlmm 

A DRC observer viewed the experiments from 10 - 18 November, 
during which roughly half the planned missions were flowr.. Mis report of mid- 
November la given below- 

a) The Environment 

The target region li In the tropical rain forest of the La Mina 
Recreational Area that la a part of the Lwqulllo Division of the Caribbean 
National Forest, some twenty miles East of San Juan. Puerto Rlro. The terrain 
la mountainous with peaks as high as J^OO feet. The rain forest receives an 
annual rain fall uf more than 200 inches that falls In about 6 per cent of the 
total tlaa. During the wettest, months of the veer fMarch and November), rain 
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can b# expected In Ivli out >t 11 ji day*. Ti' *ver# K e daytime uupereture in 
il„ Ivi.il !• about SC°F; thr i'^rogc ttsp*. r :t --f s. at -light ii sb«ut ?0°F. Tho 
average relative humidity Is nvjr* than 90 per tent. Linder chase condition*, 
tropical trees grow with souring rapidity: It li said that more than 300 

spades have, been identified Perhaps the most frequently encounter*-* species 
are the Sierra Fal* (Eutetp* Globose), tha Weatherwane tree (Cecropla Psltsta), 
th« giant fern tieec that reach a height ef 30*40 feet, and the talieat tree! 
the Tabonuco (Dacyodes Luce lea). The average diameter of trunk* la parhapa 
one foot; the avatage separation of trees li on the order of 15 feet. The 
height of ilia forest Is about 100 fret. 

Tha *tand of the rein forest selected :'or the primary target area 
is along tha "La Mina" trail, at an elevation of about 1500 feet, In the valley 
of the U Mina River. The trail lead* parallel to and about 20 or 30 faec 
above the river bed. 

The portion of rh« trai 1 --perhaps one quarter of a mile long-- 
a long which the target! ware placad. lias not been used for perhaps a faw years. 

In ordar to mak* it p-is-ibl* »e»p.vle*ly at uis'in ••teat l* '■*■«*• 

je of overgrowth. Moreover . the equipment and supply had to be handcarried, 
in .iccoaplialuaent that can only be appreciated by an eyewitness. (For l"«*-snc«, 
a haavy rain once carried awav a large part uf the supply of charcoal.) 

[Perhapa becauae of vhe cxirrou effort required by these activities, 
the DSC observer was given only a cursory briefing concerning the plans for the 
exparlmanta and was able t f > find out about the status of tht experiments only 
occasionally. j According to th* cursory briefing commercial water buckets 



tilled with burning ihjtcoj) 


C as (a:i(ri>. Th*«.r target* constitute 
°K. tor e peitod n» time of 6 to 8 hour*. 


thirlng the eipy r Intent , the sourer intensity was to be periodically monitored 
by portable radionw-trt . The canopy above each target was to be photographed to 
facilitate determination latir oil In the laboratory, of the canopy character - 


In addition plan* called tor measurement of the tollowlng quant 1- 
t la* l toll temperature; air temperature, relative humidity; wind velocity; 
vertical temperature dist-ibution above selected targets; typical vertical tem- 
perature diatt Ibut Ions in the stand without target; sky brightness; and level 
of illumination In the stand. A scientific description of the stand and ter- 
rain was to be reported by a botanist and a geologist, respectively. 

It was planned to obtain images from the air of the primary target 
area (and of two other areas without targets; - one of tha wettest and another 
of the densest stand of tne In the 3 to 5 micron region (InSb detector) 

and. In the 8 to 13 microns region (Cu and Hg doped Ge detectors) bv means of 
a modified AN/AS-2 «.iu AW.'AS-v line scanner moun-.ert m «i. ftwb aircraft. These 
scanners can be operated simultaneously escape wh^r. ore of them 1* being re- 
placed by a K-l? camece. The Instantaneous tield of view of the scanners de- 
pends on the size of the detector In use. Either a nominal (2 orad'i^ or 
2 

(4 mrad) field of view can he achieved, the scan field of the scanners la 
120 and 60 respectively. The signal from the scannei* was to be recorded on 
magnetic tape and on photographic film. The photographic teiotds were to be 
developed after each emission, the tape recordings are desrinad for detailed 
evaluation in the home lanoratorv. A chopper radiometer has been installed In 


the elictaft wl’h in ii.-.iaiit an*>>u* field of «ir> «nd spectral response which 
c»** he selected to match the tcantrrt The radiorarter was to measure e*e than* 
lure lrradtam* (torn a strip f the target area dirKtlv underneath the air- 
plane. Thua. t>v correlation. t ' -‘a-Ha.-i.,. valu«* from the entire «can field uy 
possibly be determined In the noor laborttoiv 
c) Preliminary R.iult-: 

It ha » been oo» r ivcd that the limited rate of dimD and deaeant 
of the airplane prevented low-altitude flighta (lots than anout 1500 feat abova 
the target area), while low lying clooda masked the mountain peak* during a 
large fraction of the M-t. A s a consequence of cheat condition*, the airplane 
Mta in flight Icaa than a total of '2 airborne houra**out of the planned total 
of 2fr hour*-- from Wednesday noon until Sunday evening (19th of November). Even 
• o, the alrbume time often failed to result in Imagery becauae of unsuccessful 
attempt* In Breaking through the cloud cover. Altogether, a dnsen pc.aaea re- 
sulted In IS image*. A cursory impaction of theae records revealed only two 
"hot spots". One hot spot seemed ro appear invariablv in the records; this 
was fmpo»«lMi to quickly identify hut the lrva-i’-t *ppe*r^nee pointed to a 
source locate! in an open ar r a not identified In test plans at this tin*. The 
ocher hot spot could have been a target, located perhaps on a foot brtdge 
across the river, that is alto m a rather open area. If this quick assess- 
ment Is correct, not one of the 12 targets undet heavy canopy h«a been detected 
with a sufficiently high signal for a ready identification. 

7.2. A. A. Critique 

It appeared at this time rhat the experimental retults con- 
firmed DEC expectations oi not Seeing aanv of the targets under very dense 


m 




I 



canopy. [since this lime, verbal reports indicate that subsequent missions ssw 
a large f recti'"! ot targets, a cii tunkiantr vhith Is dlffliuit to reconcile 
with tne earlier missions and probability calculations II the cover waa indeed 
dense- Since the Iropitar, report Is not vet available the solution to this 
mystery Is unknown.} 

Detailed plans for instrumenting and laying out the expert* 
caent were not made available to DRC and lienee could not be cri'iclzed. As 
nearly as can be determined no statistics 1 analysis of the experiment was made 
in the planning stage. 

Subsequent information is that, based on the verbally re- 
ported very good results, there is high enthusiasm for the technique as a 
possible ready tool for use In Vietnam, for pinpoint reconnaissance. 

It is the Contractor's opinion that considerably more and 
careful local experimentation should precede jtv coaiaitmwnt to an operational 
experiment. It is clear that fires can be detected under certain conditions. 

It la certain that not enough experience is in hand to define the reliability 
of detection. Purther,. the Contractor believes that detection can be improved 
markedly by a relatively easily-developed equipment optimized for this purpose. 
It Is possible with such equipment, hunter -xi ller missions might become feasi- 
ble. These matters are dealt with In greater detail in 7.3. 
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; . 3 PROBABILITY CONS 1DERA HONS AND NEW gQUIPMZhJi POR FIRE DETECTION 

A probabilistic consideration of finding unobscured Unea-of-sight 
to the targets, and, an outline of cue pertinent teaturea of an equipment 
tailored to the conditions described heroin. 

CONTENTS 

7.3.1 Introduction 

7.3.2 The Geometrical Conditions of Detection 

7. 3.2. 1 Definition of condition* end terminology 

7. 3.2.2 Elements of probability uaed in the Investigation 

7. 3.2.3 The probability of seeing target* under canopy 

7. 3.2.4 Same apecific maaerical example* 

7.3.2. 5 Conclusions 

7.3.3 Outline of the Features of an Airborne Equipment Tailored 
to the Geometrical Condition* of Seeing 

7. 3. 3.1 Scanner 

7.3. 3.2 Recorder 

7. 3. 3. 3 Some aspects of feasibility 

7. 3. 3. 4 Conclusion* 

7.3.4 Suczaary 

7.3.1 Introduction 

A canopy «ay be defined as the entiey of opaque object* of some shape, 
in randan distribution above a target field. Depending on the configuration 
of the projected areaa of the object*, a canooy may cover the targetfield In 
varioui degree* between complete coverage and no coverage at all. 

Thu*, detection of * target under a vunopy 1* dependent on "geometric*! 
condition*" imposed by the canopy, a* well as on "physical condition*" auch 
as the radiant intensity of the target, range, sensitivity of an equl^ent, 
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«tc. We refer tn the fulfillment of the geometrical condition* as "seeing 
the target," In contrast tn the simultaneous fulfillment of the gecxnetrical 
and physical condition* which leans to tne "oetection or cne target". 

The first part of thl* paper l* devoted to the derivation of analytical 
expression* of the chance that one has -* limited because of the gawoetrlcal 
conditions *- of seeing a pclnt target from the all. The second part prC3«nta 
Che pertinent features of an airborne equipment tailored to Che geometrical 
condition* . 

Although occasioned by the fire detection problem the treatment given 
here l* general and elementary details are included to promote easy reading. 
However, the entire problem muse be considered tn reference to pertinent 
information in 7.1. 

7.3.2 The Geometrical Conditions of Detection 

The objective of this portion of the paper 1* the determination of 
the probability, under various conditions, of seeing a target. It la 
convenient to define tne conditions and the t*rminulogy to be used as 
follows : 

7.3.2. 1 Definition of Conditions and Terminology 

Ue consider two generally distinct conditions* 

Condition 1 

a) There are a nrnaber of identical targets randixnly placed under a 
canopy. The location from which the attempt Is mad# to *e* cheat 
targets, is called the "point of looking. " 

b) Consider solid angles, centered on the radii between the targets 
and the point of looking, with apices at the point of looking. 




These colid augic> of identic*! absolute value will be called 


(one at a time) instantaneous field of view (• i.f.v.), The 
I.f.v. is limited at the lower extreme by the criterion that 
the area subtended of a target muat be much lee* than the 
i.f.v. subtended area (l.e., the target i* a "point" target). 

It is limited at the upper extreme by the requirement that the 
i i.f.v. never include more than on* target. 

c) Targets will be considered "seen" if they are viewed at «.»■ 
aspect of "h* If -moon" or "more-than-half -moon"; they will be 
considered not seen if they are viewed at lest char half-moon. 

An additional simultaneous condition le that an area around 
the point of looking subtended from the target by a solid angle 
of the order of magnitude of tha target’* frees the point of 
looking, 1* seen at least as a "hali-moon". 

1 d) The point of looking is taken random within the total solid 

angle with apex at the target, in which a canopy exists.' We 
call thla solid angle the "angle of hiding". 

•) The "field of search" for a target is restricted to the angle 
ot hiding inverted so that its apex coincides with the point of 
looking. 

f) An clemertary area seen by the i.f.v. in the field of search is 
investigated for target only once, ac a "look angle" that is 
taken randomly in a vertical plana through the point of looking. 
However, the randomness of the look angle is taken to be 
Identical to the randomness In space of the point of looking, 

•o that fixing on* determines the other. 
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|) Th« point of looking is tiksn to move with constant velocity AC 


constant iUUtMi, « nu thv look « ng t« is tsiten to run through 
the tnr pr'irrr ion of the cpn» determined by the field of .search, 
«nd the plane perpendicular to the velocity vector of the point 
of looking, rhe angular velocity of the look-angle's running 
leg is taken high relative to the velocity of the point of 
looking, so that tha point of looking appears stationary during 
the tine (called line-tims) the look-angla runs through ita 
range. 


Condition 2 

a) the measure of a canopy i* Its average density (c) which is de- 
fined ss the ratio of tha Integrated solid angles from catgei 
subtenctr by the opaque objects in the angle of hiding, to the 
eng la of hiding. 

b) The canopy within tha angle of hiding is taken to be hOBOgcneoue. 

c) The degree of homogeneity is taken to be such that in any strip 

of angular width * component of parallel to tha velocity- 

vector, the canopy density is the same as It Is In the entire 
angle of hiding. 


Under these conditions there are three cases of particular Interast; 
the point of looking at any given Instant may or may not be in a vertical 
plana that goas through the target and is perpendicular to the velocity- 
vector; the point of looking may or may not be in an unobscurad line of 
sight; and "he look angle's running leg may or may not sufficiently coincide 
with tha radius vector, to fulfill the condition of half or more moon. The 
three cases represent, however, only one random condition of seeing, because: 
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n Tht point ot looking h«» been. or will bt at aomt Qthar tint * ■ 
tor tht duration of on« lint tlto# * * In • v*rtic*l plana, ac- 
cording to condition 1(g). 

o Tht coincidence of tht look angle*# cunning leg with tht radiue 
vector to the point oi looking, tnd tht Latter being in an un- 
obteured lint of eight art identical criteria, for the point of 
looking it taken ttatlonary for tht duration of a line tl»a. 

That it, once the point of locking ±e In an unobteurtd Une of 
tight tht running itg of the look angle will definitely coincide 
with the radio* tector at *otoe "instant" during the line tint. 

Consequently, tht probability of atelng a target fro® the point of 
looking equal# the probability that the tky (to the extent defined in 1(c)) 
will be eeen fro® the target in any randomly choaan direction within the 
ar^le of hiding. The derivation of thie probability la found In aubaaquant 
paragraph a. Flret, however, the mathematical tool* uaed in the derivation 
wi 1 1 ba tuaoarUad. 

7. 3. 2. 2 Elaoenta of Prob*blUty 

Tht treatment of tht preatnt problem haa been bated on the 
following eleaentt of probability. 

The probability V that an event f. occurs la defined aa the 

ratio of the nvnjbtr, k, of favorable poaelbllit let to the mabtr , t, of all 

* 

tha poaaibllltlte : 


*For example, E night bt an act of drawlng-bllr.d folded --one of k red 
arblea out of an urn that contain* *-k additional blue and/or green sarblaa. 




it which trt ; 


fhu*, ill* probability i» a real fraction, th« Halts 


I 

I 

I 


I 

I 


V 


1 * Certainty and, 
0 • Impo-i* Ibl lity. 


Moreover, alnce it is caitainty mat an avsnt tichsr occurs 
or docs not occur, tha probability (hat the above event will not occur Is 
1 - V. 

From the above definition, the following relations of 
interest to us for the present problem follow: 


s) The Probability that A 1 ! of n Independent Event* Occur 

Considering Just two events for tha moment, the probability V 
that both the Independent event* C^* and Ej*, of respective probabilities 
Vj' and v^' occur, Is V* ■ v^' x v^* . For, when the event* are completely 
independent, *11 the cssss that ar* possible for E^' can combine with all 
the cases possible for Ej' , resulting in x f^' possibl* cssss. 
Similarly, all tht cases k^' thst ate favorable 'or E^' tan combine with 
tne k,' favorable case, chat prevail fot £ 2 * , resulting in k^’ x kj' 
favorable esses. Thus, 


In general, for n events (omitting the upper index): 
n 

v • TT v 

x-l * 


(n 
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m mm 

tTCUITCT 
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b ) T he Probability th at Eun«r Cut uf n Mutually 
E xclusive Evcm * O^cur > 

Lat kj" denote the number o( f«vor«ble cases of event E^" , kj" 
denote the favorable cuo of E^'* *“ d denote *11 the po»hlble uiti, chan 
the probability V" chat either cne of the events ouuii, i» 


In genera 1, fox n tv 


uttlng the uppei iuu«x) : 


ai) 


c ) The Probability that At Lean One of n Independent Event e Occure 
The poaelble combinations of che independent events E^’" and E^"' 
of respective probabilities v^’" and v^"' are: 

Favorable: Vj ,M (l - v^"' (l - v, Mt v^"' and , 

Unfavorable: (1 - v^ ,,} » (i - v^"' ) . 

Since the sum of all the combination* equals unity, the dif- 
ference between unity end the him of che unfavorable combinations (which la 
che tun of the favorable combloat Iona ) t* the sought probability, V" 


* 

An example of mutually exclusive events la the drewing of a red or 
white marble iron an urn that iont*i.u nuible* of blue and/or green ae well 
ae red and white. 





JU4£* 


in gcnei * I , for the of n event* (omitting the upper 


V*V'v v ) v + v v . ) v - 

L. * n L~ * n ft - 1 L* x 


Tt v 5_* v + T T 

2 * T * " l 


(Ui) 


where the odd numbered terms ere positive end the even numbered term* ere 
negative. 

In addition to the re fat ions above. It may be recalled that 
the calculus of probability it rsauy useful only when there are a very large 
n umb er of caaea at one'* disposal for evaluation. Tor Instance, in flipping 
a coin 6 times, the expectation la that *111 fume uo 3 r imes; nevertha- 

lea>j not always will three head* come up iihen repeating this procees of 
6 flips In a row. As a matter of fact. Lh* deviation from the predicted 
r.iaber of heads may occasionally be extreme: it 1* quite probable thet no 

head will come up at all In six consecutive flips. However, making the 
process in group* of not 6 but 100 flip*, htads will tome up SC, perhaps 
also 48, 33, 52, 49, 47. 51 , Hoc., in uny case : he number of times when 
heads will come up will not differ very much from 1/2 of the total njxber of 
attempts* In othsr word*, the law of large nmnbera says that 

o only in sufficient ly large number of attempts will the ntaber 
of actually occurring event*, begin to approach the product 
of (umber of attempt*! » (average probability), and 
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o a predicted to- all ur be arhievtu with certainty only it 
the limit oi an ml mite n urabe r ot attempt.-. 

fcy This f.ic* an jpp.n-n' paradox become* clear: Let us 
assuoe that in the proce. a of flipping a coin, 10 times in a row tails cost 
up. Through a hasty ton* idet at ion one might expect that head Lx sore probable 
for the 11th attempt. But. what rrv'er:Ov» force should act because of Che 
outcome of the previous event'., to uu>* head* to come up next? Such e 
force does not exist except for A'-ddin 1 : Jmnl or a dubious gambler, and 
the eventual assumption that "for compensation now a head must come," Is 
completely false: for. onlv an extremely large number of attempts can rasult 
in a "compensation/* l.e.. can Uad 10 a value that equals the probability 
times the number or attempt*. 

The law of large number* can be used '»i posteriori’ to 
ascertain from observations (such a? percentage fUach at various ages) 
certain probabilit le» (such *» life expectancy') by means of which one 

cen derive--chrough combination* with other probabilities 'such a* advances 
in medicine, improved living condition: 1 -new probabilities (Such as futura 
life-expectancy). It will be seen that it i? essential to have a statistically 
valid base (l.e,, reasonably large number?) in experimental verifications, or 
predictions will be very shaky. 

We shall close our recollection on tne general Interpretation 
of statistical dacu, with a reference to the typical application of proba- 
bility to corpuscular phenomena in phy*u*. Here the integral effect of 
corpuscula are accutately described by mc«n> of a’.atist seal laws, for -- at 
the very Urge mnbetr of atom- usually involved in related phenomena - - the 


V 


£ 


law or Urge number* almost alwav* applied «•.' w* 1 1 that ?tatlstical relation* 
.H.ume U.e «i.Ui wU-ractcr of - natural lav. Whan experimental obaerv*- 
tlor.s ear. b* r»*trutH e» ’ iv»lv few atoms for, theoretical calcula- 

tion* are being made for a relatively few atom*), only then are deviation* 
from the prediction of average probability U.e. ; l lut cuat Ions ) first notice- 
able. Indicating chat the realm of random phenomena has been entered. Deep 
in this realm one hardly see* anything elf* but f l uc tuar Ion* (nolae). 

Because of limitations in the practice (In an experiment, 
fur Instance), the range of attempts realistic to consider In the present 
case, leads us Into the vety random region of the effect of geometrical 
conditions. This situation calls for a careful Interpretation of the con- 
clusions to be drawn, especially when a comparison to a very smalt aampla 
of actual data is being attempted. Nevertheless, with proper care, in- 
forwLion of great value can be defluced even in this case as will be seen 
from the discussion to follow. 

7,3.2 . 3 The Probability of Seeing Targets U nder Canopy 

The average probability. P, that a target under canopy of 
the average density c, will be seen in any one attempt, is 


Then, the iveiage probability of the specific event that at least 


one of N targets will be >een in any one attempt. P(^) U 
-i, - N -* 


P(*) * 1 - (1-P • Uc ) 
because — under the conditions defined in the first paragraph - the event 
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of feeing on* target 1 ? completely independent ot the event of seeing In 
the eem* attempt snothe* - nr«n . 


ated in Figures 7. 1,1*, and 7.3. ’b. 
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Equation ( 2 ) la Shawn 

In figure /. l. la, the probability hl^) v * l* *hwn at 
various value* of c a* parameter. Figure 7, ,1,1b >h»* N va c with Pl^ 
parameter. A* It is Implicitly seen in the figure', the foilwing con- 

clusion of particular interest fr~m a practical standpoint may be drawn from 
Equation (2): 

3P(!) _N 

o The race 5 - • c .In c (c < 1) at which the probability 

P(*) Increases with the increase of the nuuber of targets, 
is decreasing with Inc ret* in g number of targets. 

o rhe rate is higher at higher c than it la at lower c. 

0 The rate is high first (linear region) then it bccones 
increasingly lower and lower with increasing ntanber of 
♦-rgCLS (asymptotic region). 

0 The relative gain in probability that can be obtained when 
Instead of one target a large nvanber of targets 1 - used, is 
much higher at high canopy-deni Icy than it is at low density. 

iP(i) Ji-i 

o The race » - N.c at which the probability decrease* 

with increasing canopy-dena it y , Is the smaller the larger 
la N . 

Consequently, the maaber of targets necessary to maintain a 
preset probability (a probability ot 172, for instance) Is heavily dependant 
on the canopy-density. I«c.i if it is impractical in case of high canopy- 
density, to assure a desired probao^^^^. the manber of targets should be 




point, tor lr.star.cc, where Che 



made as high <ts po»»lblt, incrt„»ing u to * 

deviation trjra the max i mute (Initial) t«t« <*c low N) ia not more than a 

practical value, such at night be -10'.. With ocher words, the number of 

targets to be u»id in an experiment xr.ould be determined by the average 

canopy-dene ity : the number ahould be high when the canopy-dar.alty le high 

and could be but decreased in case ot canopies of lesser density; but -- 

unless there was some other ower-rldlng aspect - should not be done In 

the reverse, These consideration appear especially significant In view 

of the fact that a really meaningful evaluation of detectability, baaed 

on experimental data, car.not be done without, because of the vary nature 

of Che Involved phenomena, a Ut»« number of samples. 

In a alight detour, let's consider next tne N targets 

diitrlbuttd undar various canopiea within the denilty range between and 

c . Than, with 
c ’ 


Q » u umber of targets under canopy of the density-range between 





(atgeta ^111 be • e «■ n (in any jtif atcmpi) wncrt P l* 4* given by Equation (l) 
Miu« it lk ot gieat wnpoitance to determine the effect of 
variations in c-<ropy J^r.»tty, «iiUh <*it*inly ottur In the teal world, ve 
tan define from the rel.»t(o« e( q » ( J-c >N an equivalent canopv-denalty 


For instance, the targets nay be distributed in varloua 
- -v 

aannera aa shown for - 1 and c < t In Figure 7.3.2 below: 


(dial 1 ibui ion) ' 


(distribution)" 



< Canopy-density, c. 

Figure 7.3.2. Illustrative distribution of targets under canopies of 
varloua densities. 

Then, using the notations of 1-c. *b, mb*Q. and l-c-n and, for (distribution)' 


*Note that Q la as defined before and is shown versus 1-c, instead of 




n 


* 4 




in the figure, when * lt ( 

r r 


x'x^dx ♦ J 


■> i 


(cm'b’-m'x) « dx 
— • l-b' 


r 

D ' I 

W 


*dx ♦ I ( 2 n' b 1 -o' x J dx 


b" «■ 

^ m 'xdx ♦ ^ 


f ° ^ ^ ^ ^ 

o d" 


4 * 


x) dx 


And, In caae when 3 <l-c b > * 2(1 


b"' c 

f ... . f 

| o 'x dx * J 


On ,M b"' - 2 m"'x) x dx 


m" * xd* 


. I 

J 


- 2 m” ’x) dx 


b"’ 


At the values of f - 0 . 15 , b" • 0.10 and b ,M * 0.20 

c’ - 0 . 850 , * 0 . 6 b ? and c g • 0 . 81 6 . 
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Ihese examples manernaiiy »i»ow Che obviou* ftcc that Che 
equivalent canopy-den* ity it foe larger the raore tho di?t rlbut ton in ■ 
given density range favors denser canopies. When the distribution Is sym- 
metrical, the equivalent density if the arithmetic mean of lh* extremes of 
the density-rur.gc. 

Furtheru»re, it seems likely that; a relation derived for 
a given canopy-density may be used lor the same number of targets under a 
range of canopies when the distribution is such that the equivalent density 
in Equation (3) equals the given density. 

Ihus, the effect of placing in a given dlatributlon a mnber 
of targets under various canopies can be evaluated in a simple manner. We 
will omit in the future the subset ipe e but will always mean equivalent 
canopy-density. 

The main interest concerning the effect of the geometrical 
condition*, is a general expression of the probability of acting, in any 
one or more attempts, at least a certain iractlon of «uy number of targets 
under a canopy ol various densities. This expression may be derived as 
follows : 

In case of N targets, each of the average probability of 
seeing as given in Eq. (11; sn attempt may consist of Lite particular 
assembly of seen targets (ail of these denoted with s because the target* 
are not distinguishable) and targets not seen (denoted with f) aa follws: 

vi vj, & £ 

s f f • s s 

leading to an integer number of targets. 
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Kor a number or seeing#, o: i'»« i ly k, the average proba- 
bility l!ut this event; in an assembly as above occurs, is 


k N -k k S -V 

p a - pi * ? . c 


However, k seeingj could also ofur in another assembly of successes 
(seelngs) and failures »ucn as 

^ £ J, ^ & 

fStS...!.* 


Altogether, there will be N'! assemblies*. But, kl assemblies will be in- 
distinguishable because the targets are indistinguishable and. (N-k)! 
assemblies will be Indistinguishable because the failure* are indistinguish- 
able. Consequently, there will oe H! /kj (N-k).' different assemblies and, 

«s U 

the average probability of seeing exactly k targets ir. an attempt, P(„) Is 


?(*) « p / i.p\ 

V k (N-k j. • r u r) 


By making now. ir.steao of onlv one r attempt#, each under identical 
conditions (the same targets in the same arrangement under the same canopies), 
tha affect -111 be chat of oeaiing vitn Nr target# in one attempt, lhen, 
the probability that exactly a frat r lon ~ , of the Nr targets, will be seen. 


p ( W i , &£llI ? 

' Sr CNr;. (Nr-?Nr;, 







fqi..n i or. ( > > p.ivt-s t hi piobibi lity o! one vvrttr i hat itintiua our criterion. 
How tv ti , ihl* .•sir.'tun oi at l*a »t seeing* viU alto be fulfilled by 

other events that result in more t h an J St teelngt. Since the aaxltxua maber of 
possible mviny* is Nr, mere will be altogether Nr-TNr iuen events. 

r»mi, the average probability of experiencing In r attempts 
a total o t At )«, i»c of N targets undor canopy c > P( ) !• 


■«') . ?■ ^ r ‘ l 

Nr * ) (1): (Nr-i): * 


First, It should be noted that •• 

o because It takes Into account all the possible 
N 

events, S I P(!j) squale to unity, 


o becauie it lncludee all but the single event 
N 

of not eielng target at ail, ) ' P(!j) Is the 
k*l 

probability of teeing at leatt one target, 

o the probability of the event of not teeing 
_N 

target at ail, P(°) • c , 


n a 

i that E E P(Jf) • 1, and 


We denote "at laast k,” with >k. 


spr 
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_N 

c That It, Equation (2) 1* the reduced ton of Equation (6) 


k-i 

for die c«l* of iHr - 1. 


Second, the evaluation of Equation (6) for various value# of 


JNr it rather t ime-coreioing. 


For "hie reaaon--e Ithough metrical evaluation* of Equatloo (6) 
at various c, for a ran/: oi rir and c, are important and should be computed, 
the follow trig examples are for only ona pair of values of N and c. 

7. 9.2.4 Sane Specific Numerical Example* 

Equations (5) end (6) have been evaluated for N ■ 12, and 
c • 0.83 and are plotted In Figure* 7.9.3a and 7.3.3b, respectively. Figure 
7.9.3b shows that the average probability of seeing at least one-third of 12 
targete In an attempt le 0.09, or, roughly, 10X. While this seems reasonably 
high, In estimating the tactical value of detectlou of fires by regular 
reconnaissance, It le perhaps sore important to deturalno the likelihood of 
selntslnine this level (or any other selected level) of performance. 

In Table 7.3.1 are given the probabilities of seeing, In each 
and every one of r *n attempts, at least one* twelfth, one-sixth, 

one-'ourth and one- third, of the twelve targete. 


Table 7.3,1 Probability of H«tntatr»lne Performance 


aet Nxaber of Targets to be 
bean Out of 12 Under Canopy of 
C a .83) 


Average Probability 


[Probability tv See Least Nvasbsr 
of Targets in All of 10 Attampts 


■ 

2 

3 

■ 

EH 

o.s 5 



mm 

2.3x10° 

1.4xl0‘ 6 

5.»xlO' U 


*Thoe# probabilities are not those for seeing preselected averages of 12 target*. 
These would be given b y Eq. (4) which is not computed. A very rough estimate of Eq. (6) 
indicates the MStMPitv of seeing on the average l/<» ana i/3 of 120 targets would bq 
about 10* 3 and tO* -10* 8 respectively. 
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Ih* iilculitfd low pi ,«l* !►>! lily -'f "t»prndui Ibi." performance In 
'rein* Ljigc t:.: tt.ns of IM« t i* U*. |v V ' ly scull n'uabcr .>f target* at relatively 


I* 1**1 r 4nopy-0*n« u V tiiut a vr ty XHon. H wv»(.lou *» lw k it«r tact it* 1 value of 
thi s ^t i nuiUi 1,1 canning li*i detection, and ha* Implications concern' 

In* th* type of vxpttimental vei it ic at Ion necessary. for this reason, a new 
and dltteient type of cqwipmru la euggc-.:r.1 in (7.3.3). 

Ihe gaoaecrual condition of detection, measured by the probe 
btllcy of seeing, is a strong function of canopy-den* tty : the probability 
rapidly deers**** with Increasing density. 

Ihlt relation batwaun probability and canopy -danalty strongly 
•uggeata definite rule* ro follow In the dealgn of experiments for tne eatab* 
llahaant of thi degree In which varloua factor* affact the detection of point 
target! under heavy canopies. The relation also suggests apacifie acanning 
method* for uae In a tactical equipment. 

In caae of an experiment it appear* unquestionable that more 
•'...old he >•••*, (K. kanvier 1* the canopy selected for investigation. 
Furt heroor e* - «■ suggested early in the study*- environmental research, including 
collection and evaluation of statistical data on a variety of canopies aaeaa 
necessary prior to extensive sxper imentatlur.. With statistical canopy-data lu 
it* iid , a logically sound «(.d reasonably controlled datactlon-axporioent could 
be designed for a second phase staed at the verification of prtdlctad results. 
Then in the experlaental detection phase the laportence cf other factors (par- 
hape unforeseen) would etend out oiuie clearly. Sound planning of an experiment 
should at least include analyses to detenalne the Minimus number of targets 
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unJ i light* r.ecesnarv t j rxi r<it tn* dontred dwta with given confidence. An 
attempt should ei to be made, with similar analyse*, to plan the experiment 
to a* to maximize the dat i obtainable at a given co*t level. 

it appear* tnat the average information obtainable In a 
number of attempt* (runs) with a scanning t eUiu.lq.** that takea only one look 
at each element of the target tl-ld 1 * lnuccepiably low tor tactical uae 
aaain>t he »v. i >, £1 v t pc .»t »«. »i.il tellable litlviiui ijn legardlng in* 

existence of target* under heaw canopy may only be obtained when the canopy 
it tear chid for opening* over a tlgnlficant range of look angles. A merit 
figure for equipment, from the »t«.ndpc*int of compatibility with geometrical 
conditions, could be ba»*d on quantitatively expressed probabilities of 
"reproducible" performance. 

It appears that un<i«t geometrically open condition* 

(c < 0.5) the llne-icanning thermal mapper may be acceptable for tactical 
application. For c up to 0.8 ro.5 <7 < 0.8) there are very aerlou* doubt* 
ci to utility, md fur c > C.8 It it clear u**l r.ew instrumentation U 
needed. 
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' i J 1 - t nL LkAikLui *'l ■* £^ut niiv^_J , 4l lorfd to the 

r-o oi> t[ ual Cm f ir mn s >er ■ 

Hi. i>t Oban i U» irs c» t*t> l > eti -d in |h- ff 1 r • ( part ot this paper indl- 
;i: ' : *“*» ouis d trw v> t d n^oTiOr ■ ot targets under 

canopies of densities >'08. could be i eaUat lcatly expected to be seen. 
Sine* the conditions defined tor the derivation ol the prohat l ties are 
essentially the specifications. In general terma. of a large majority of 

nr borne 1 iu c » :» c ai n c £ g it follows that these equipmvr cs * -no natter 
how much an advanci ir>*nt in the statw of their art they may represent »» are 
•l£t. U tor tactu al application* age ins t verv dense canopies whsn 

proosbly but a single mission mav be flown. 

The luoject of this part of the present paper is s brief envmera- 
cion of the pertinent features ot an equipment that could be easily designed 
and readily built, both in a short time, for successful application to the 

presently considered tactical situation. In addition to the bare enunera* 

i 

tion of these features, some coexnents regarding the feasibility and rnnj- 
pitslty of tuch equipment will a.»o be made. These topics will be discussed 
under the assumption mat Appendix 7.1 ha a been read. That la, this appen- 
dix 7.3 is concerned, primarily, with only the geometrical, not the physl- 
cal. conditions of detection. 

These topics are presented in three paragraphs: the first para- 

graph Outlines a scanner, the second paragraph outlines a recorder, and the 
third paragraph touche* un the aspect of feasibility. 

7 - 3il A Concept ual airborne Scanner for the Detecrlon of Polnr- 
larggis le nder Heavy Canopie s 

At It hae been pointed out in Appendix 7.2, the deficiency 
In the present application uf conventional line-scanners If that thay attempt 
-7.59* 
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only once- -in an «..uu c;xii>n--U' sec * tatget. (l.«., the scauners view 
*n elementary target-area onlv at a sinaie angle locking (■ seen-englel 
within the coral scan- field. In contrast, e scanner designed with the 
geometrical conditions o f seeing specilically in mind, would investigate 
e v*nopy (- uigrt-fiiMl for >>p«iwng» at a ■ 1 gn t f leant traction of all 
look-anglee within tn* angle of hiding. Such a scanner could be built for 
instance, with: 

o A linr«r *rr*> oi lietectott aligned in the image field 
perpendicular to the ditectlan of flight and, 
o A scanning mode that would cause a part of the target-field, 
outlined by the lateral total field of view and the scan-angle 

(see Pig. 7, 3,6) to be swept during the "line-time" by the 

*** 

projection of the detector array. 

Consequently, the canopy abov-.- a target would be com- 
pletely searched in a strip of width ■ projected width of a detector-elenant, 

**** 

end length « distance subtended bv scan angle- This mode of operation 

w A hi gh-qjw 1 ity line-scanner operated at a low V/H ratio has many over- 
lapping scan- lines resulting -- by vlriue of a reduced bandwidth due to In- 
tegration on the recording film-- in an increased effective sensiLivity. How- 
ever, no increase in the probability of >e«ing car. resulr, conversely, fr&n 
a tipeated ecan of the seme strip ("line") of the canopy if the scanning is 
made at identical scan-angles. And, enrapr fur 'vr'-s* inns 1 cases, the re- 
scannings should b* expected to happen, essentially, at identical look-angles. 

** Or, perhaps now, certainly in the very near future en image tube of 
suitable spectral response. 

*** For this case, the "line-time" should be expressed as the time required 
for the airplane to travel the distance which is tuotended on the ground by 
the i.f.v. ’s component parallel to the velocity vector. 

**** Note that each point In the center- lines of these strips is seen From 
a target at different elevation and azimuth angle*. 






would l««*d »■’ rertair.tv of ;.r.d..r iTr.dil i«<n 2(l>? .utJ 2 ( v } in the 

first part of this paper. Even if this condition Is not always fulfilled, 
the total probability oi stein* in a single mission could be expected to be 
near unity. 

Hie required number of de t ector-e lfctrentS CO:; Id be held it 
a yieetical level by some sacrifice in (as is evident from the analyaia of 
the physical conditions of detection in Appendix 7.1). 

o Inf onnat ton-gather ing-capaclty of the scanner (l.e.. sacrifice 
in lateral Held of view which would lead to lesser area searched 
per unit time), and/or 

o Some sacrifice in sensitivity (l.e., sacrifice In lateral reso- 
lution by making the lateral l.f.v. larger than the etate-of- 
rhe-art Is capable of; then, such a aacrlflce would probably 
lead to a smaller ratio of target-signal to background-signal, 
tht latter being the limited noise.) 

But sacrifice in sensitivity is readily allowed for tar* 
get a whose radiative characteristics are equivalent to chose of ~ 1000 K 
black body 6 inches in diameter. Consequently, no matter how much an ac- 
tual canopv deviated from che definition in thia paper, 

A scanner as outline above would aaeure 
a probability of seeing higher by ar least 
an order of magnitude than a line-scannar e 
capability. It it reasonable to ►*;>•»• t 
this very high prooablllty could be attained at 
an effective sensitivity practically identical to 
that of the best contemporary line- scanners. 
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o I t he Out lin t* in 7 , i . I . 1 

b^cjujt i>l i tii. ipi'ctf u' st <i«n ing-nu'dc , thv information 
from the scan nv t louu* a l*>ui -J nik’.ie Iona l man lx. as follows: 
o ttound distance tlown, D. 

0 I : radiance- In 1 t ...It*-' t uin t Ion of scan-angle), 
o lateral Held ot view. X . 
o Scan- a . jjle. £ . 

However, since tht Information sought Is the velermlna 
Cion of a target s existence and Its ground coordinates 0, X. the informa- 
tion from the scanner might be handled by a basically conventional strip- 
map recorder when the number of targets Is not too high. This is so if 
th# detector signal Is restricted before recording to levels higher than 
a threshold set as a suitable multiple of the Signal level from the back- 
ground (canopy and/or ground). 

In this case, the lateral position of a target would be 
correct 1 ; iev.-iJtd. However , - • i rrespec 1 1 ve of rhe scan-angle at which the 
detection has been accomplished--the ground-distance coordinate 0, of the 
target would always be recorded at the position of the prevailing point of 
detection (» point of looking or, at a constant offset from »*"*•> TV'?, 

the only added capability required of a conventional device, would b* that 
•* 

it a*»o record tne scan-angles. 

Existing recordeis are us'-illv provided with data channels 

like that mentioned above . ** An Increase In data-channel capacity, probably 
* In dlglral form, perhaps. 

** At the edges of a strip-map. 
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n r *d«-d when th, n-jnbei o: tar.ui> it high should be a routine matter; and, 

■.* vuw „■ i tru Dpt.ua ‘r. mit a 1 1 ui i tv i > •*.<« i*iwi(UMti w>ulJ euffUe 
It ^ t h«» n : non** r .»» -'..rw-ts n t hr iud v.'ulJ 6 r relatively low. taking up 
but * traction «'t tnr 1 1 lia * width) the imre*>e ought to b* readily accoap- 

L iihoi. 

On. «.an M.ualiae caus when two or even more target* are 
recorded at the »attw >pot. Nevertheless. no ambiguity could arlee when a 
distinction between the targets 1 location* i* of no interest at which target* 
exist . 

CC'telat ior. between the location of th* target* and the 
envtrv.i^n; could be accomplished in at least two ways: either 

o the threshold Level could be lowered for a duration « dwell-tlme, 
preferably at a time when the scan-angLe la *ero, or, in a brute* 
force-method. 

o an additional conventional stiip-oappei could be used in syn- 
chronism with the target •eq-.'tp*"*"*. 

In tne first solution, a single record would contain ooth 
rhe targets and thr terrain; the second solution would raiult in two separate 
mens that could be superimposed for evaluation, if botn were made at tha 
same scale-factor. 

Proc the previous outline, It directly follows that the 

• bow- thres^nld stgnais could be turned before feeding them to the record- 
er'* input. However, the scan-angle information should be derived prior 
to SuaaMtion. 

* for final evaluation, th* It map* should be correlated with topographic 
map* in a conventional a^thod. 
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li.vu'.J tc 4. d.-..:,;.. j-.* • -t^ii.cr 

* J.j 3. S o::.v » ■;'>'■:> . t K a<i hi 1 1 1 •> ot « r:e C \ :;c<- pt .iei IVtccMan - 

Ec . ■ ' • ^ ' 

Al * the prro ed . r *r jcr.ij-hn have alr.adv routncd 

w‘r. *!"«“<■:« „«• Millin' ■ a*>J ro.ra,;f a;v’ does not intend to sipnlft- 

tantlv extend the * onsidet a: u thercf still * separate paragraph haa been 
assigned to t:n> area tor the mere of the expectation that no 

factor would prevent feasibtUtv or would »'>er require any effort worthy to 
rent ion of development bef.ro ar. eq-ipnent ot **•* present concept could be 
bui l t . 

I:.u4. t'.e iacil.tate application of a relatively simple 
ic b; act* pi ar e ■ tcanr.'-g mechanism, 

o The primary optics probably ough: to have a field of view as 
vide as the total scan-field. However, m view of the ex- 
pected low resolution -•pui reaent . no difficulties *** design j 
ar.d/cr fabrication v» n.e optical svsten snould exist. Ihis ■ 
e«“tc:ally so because : hr spectral response would probably 
:e m a rector (see later on) where refract;*.'- elements would 
be readil* -sed. 

o It appears r.igr.tv prooaoie that tne optimum spectrai region 
of detection would be 1:1 tr.e uncooled PbS region. Consequently, 
the required li-.-ar arrav of deiector--even on e curv#u sub- 
stratum-- sr.c.ld be of a ic-csMed routine matter of manufacture * 

•Once the ur.cocied P:S re^icr. :urned out t: be indeed the optu*. region 
of detection, the remaining req;irem,.rt sf tne detector is a §..M,n*r.t ly 
fast response* ti“«. Ire -paer limit of it.* allowed response time is the 
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I 

E»ni it ,i were deiimoie to moose ihe In. 4 b region for u*t«t- 

tton. an Inbb Jnraor artav and its tooling anould alto be 

I 

well within me capability or and careful fabrication 

j practices in th* related Helds 

c 1 The manufacture of tne dec tc Cor • art av should be a relatival/ 
easy task, bee a use- - bei ng the variance of radiation from the 
canopy ir-r t mil mg noise*- *he tequltement of uniform senal- 
Mvi:v usual'.- ditfiCult to obtain in a multi -element -detector, 
would be con: rabl v' relaxed. 

o The lar„e limiting noise would also permit the use of (mechan- 
ical) image - p 1 ane - st am mg without consequent degradation, for 
this method's scanning-nol te ("optical" -noise) la nardly possible 
to keep below level* of less than two- cr c^ree-timea tht 
detector-noise. 

o Assusing that a lateral resolution ct b nrad would suffice, 
tome i 50 elements could assure • total of iiout 50° scan-field, 
i Thus, an equal numier (150> pteaapli f iera would te required. 

In view of the highly developed trace of the electronic art, 
i such a P? 1 f i er- kage should be v*r-» reliable and orac- 

i ticai in slse and weight. (Transistor amplifiers and visua- 

lised. ) 

where V » velocity. H • altitude of aircraft 6 • total scan-angle. Thus, 
by calculating the dwe.l-tlme fer practical values of the parameters, it 
can be seen t.nat an -r-.cooled PbS array would permit a reasonably high V/H 
ratio; tnat It. a large area ceu.'d be searched In unit time even with the 
■ relatively snow PeS. 
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t*' 't un.Mmatiov «; it i ng-. ape., u -/ * «i«i searched 

ir. ..ns t 1 1 r.e 

I.“<re is verv little aoubt mat a special equipment de- 
signed for K.cuil ::re detection would :ar exceed performance of any 
existing device 

A special /.anner tor tne airborne detection of point 
targets or.de: heavv ;ir.c:ie» could be designed and built trom existing 
elements pf conventional IS strip-mappers . Considering the relatively 
extensive experience m tr.is specialised tield. the merging of the ele- 
ments should be aooonpli».ed m an almost routine manner. A similar, if 
even not eaaiet. sit-aticr. sr.o-ld exist ir. asking standard strip-recorders 
compatible vi the scanner. 

Building and laboratory testing or such sn equipment should 
require r.c mere thin b to 9 months. The equipment should have about the 
same site and weight as those of similar existing IR devices and ahculd 
be react. y I'scslled and eperatsd in any airplane suitable for IR mappers. 
Logistic s vo-ld be lei* .1 . proolen than that for exiating mappers that 
operate in tnt d-13 micron atmospneric window. About the same effort in 
ma; -tenant e would :e needed as for standard IR /electronic devices of 
comparable complexity. 

Ir. view ;r tr.e fact that the recosxcended scanner would 
search the target-field alto in regions some 2$°-30° in front of th* air- 
plans, it appears quire realistic to expect that the equipment could 
facili:ace**undtr terrain conditions at least-- e "hunt and kill*' oper- 
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The *pf c It lea: ions of lilt whole t-q, Ipmrni could be d«* 
lived b*. ur. ibc„: otu &a.Tw**k, .»f eiton. If (hi* effort U expended 
with the results ot applicable past experiments on hand, the Specifics- 
t Ion should reflect standard manufacturing procedure* and a (rest proba- 
bility of *utce»*f-l opriati.vi. 

1 . }. 4. amanarv 

An analysis ha* been made of the geometrical conditions of detec- 
tion. measured by tne probability of seeing a point target under canopy. 
The results of the analysis have been evaluated for the 

o Planning of relevant experiments as weU as for the 
o Cttabl isrvment of the concept of a special equipment very 
promising for tactical use. Furthermore, 
o The feasibility of the conceptual equipment strongly recom- 
mended for consideration without delay, has been Investigated 


o Related questions such as produc t lor- c ime, logistics, etc., 
have been touched upon. 

a) The results of the analysis Indicate that an experiment 

tc determine the effect cf a canopy and the p.->s«ihl l ity of detection, 
should be designed on tne basis of canopy density: the higher the den- 

sity, the larger a number of targets should be used In order to assure 
measurements of statistical value which is demanded by the very nature 
of the problem. It has been «e«n that it is possible to, aprlori, optimist 
the quantity of information collected p%r c.o s i of an experiment. 
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M el,.- ii.ui.4icK that ir.c mtormation regard- 

i ttjj I* * ►:*..?* . ijij,-.* i.iJi-i c«ikt>plrj, ni>i 4 1 uaii i V |Mobitlg 

tor ar. opening in t r. C ji 4 iingle angle. is *c uncertain that verv 

Little tactui; value can be assigned to it. Information of such ques- 
tionable value can be expected on *he long run front the uae of existing 
Lina- scanner* . 

Motivated by the above finding, cue csaantlal features 
cf a specific equipment, wtuen promises of great tactical value, have 
been outlined. Host charecteri stical Iv . the recommended equipment would 
search for openings over a significant range of angles, in c.r.trast ro 
the r and cm single angle at which existing device# hope to find an opening. 

The rtcomstnded node cf search would then assure tactically useful high 
probability 0 i seeing. M.'*t sign! fi cantly . the recocmended equipment would 
have ar. at least by an order of magnitude higher "probable success" than 
can realistically Se expected from existing devices; furthermore, sn 
evaluation of the feasibility cf a HUNT AND KILL 0«S?.» T T«y .M?*? BY T«J 
RICOKYIVDED SpUTFKENT APPEALS ’WARRANTED. 

It appears highly prcoable chat an equipment ea outlined 
r?.‘.d be #*siiy designed ar.d resdily fabricated, both in e short time, 
for aii aierter.:* of tens equipment nave long been used by IR Une-acennlng 
devices. Moreover, ancillary problems cf installation, operation, logistics, 
;« no sore than normal and the equipment might be made slmpl.* 
enc.gr. fir regular use oy indigenous forces. 


! 
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r.i.l.I iRtrod'jctlm 

Rice Paddy ulcjUtiont 
7.4. 1.3 Experience and Applicable Equipment 

hli; r>eti Experiment* 

7. 4.2. 1 Parameter* of Interest 

7. 4.2. 2 Experimental Set-l’ps 

7. 4. 2. 3 Program Plan 

“Quick” Fla" Experiment* 

7.4.3. 1 Introduction 

7.4.3 .2 Equipment for Experiment 
7.4. 3. 3 Experiment 

7.4. 3.4 Critique 


7.4. 1 Geaera 1 

7.4. 1.1 Introduction 

Or.* idea for detection of guerilla operations is baaed on 
the notion that aerial lR-*urvei 1 lance of flooded lands might provide, if 
Cha trace* of aen or grc.tp* of sen could be observed, patterns of activity 
frees vhicn actionable deductions could be drawn. If the observable effects 
were Immediate and long lasting, trails might be pinpointed. If of chore 
duration only, indications of direction of flight, and poaslbly of the 
cessation of flight, might be obtained. It was felt that IR surveillance 
gear in existence might come close to providing observational capability, 
although probably not suitable for VS field operation. It has been tuggestad, 





and preliminary ;«Uul«tton* indicate, that disturbance (e.g., by passage of 
pe r » jr.r.e n os !*;jgnjr.t .'r $ low -moving bodies ot *•«•*» may result in observable 
changes in the I'irftvf layer*. The change* may be In the surface temperature, 
wui to mixing ,or in emissivlty, or both. Lofted, mlcroacopic organic Mtirial, 
pleat oil*, or fine *oil» uv be introduced into surface layer* and be a 
taccor. Ine situation bear* toot resmbiance to the valte* generated by ships 
under appropriate condition*, rhe extent. per»i»tencc, and observability of 
such Surface change* are generally unknown although many long-persistent ahip 
wake* have been mapped. There are a few basK measurement* in existence. 

Ewing and Sinister \ Re:. 7.53 have measured the long wave IR radiation 
froo the cop 0. 1 oxa of evaporating ocean and demonstrated the existence of a 
cool surface layer with departures as much as 0. 6°C from surface temperature 
found by conventional methods. Csanady, et al (hef. 7.6) maaaurad the 
temperature of stable dii fusion-* licks (typlca 1 ly 1*2 meters wide). There 
were temperature differences of C.5°C-2,0°C from one side of a slick to the 
other. On one occasion, with strong sol*-r iteaclu*. -:.e rcr.ttr ttmparature 
of the slick was l.S°C higher than that on the warmer aide. The elicka were 


most pronourcec and stable at wind speeds around S !ITH, In general (Ref, 7 7) 

co basic measurements under controlled conditions have been made. With the 

basic decs missing the potential feasibility of observations in field opera- 

tier.* cannot be established. Many situations can be postulated which might 

arise where the capaoiiity to detect such changes would be advantageous in 

counter • insurgent y operations. The Contractor therefore proposed that two 

types of experiments be made on detectability of such disturbances. These 

were described as " g.ltk- f lx " and " basic data " experiments in earlier reports. 

775 Ewing, C. and McAllister. IToT/'nn the Thermal Roundary Layer of the 
Ocean, Sc lence , 1 31 , 1374 

7.6 Caanady, C.T. atal, ’Slicks on Lake Hur^n ' Mature 196 , 1301 


7.7 Private toesusi cation, R. Warner, Institute of Naval Studies 
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;h* bJM* the "qm.krix" I'xpenmfiu wm that certain air- 
S?rr.e survci 1 — : r.»« jvjiublr vnicn could be used, at vary low 

co*c. tv' obtain picture* ot a «i=plv disturbed stagnant body of water. It 
*«« :>!*■ that, although such an experiment could net be conclusive there waa 
• os’* full »‘hj~.ce that u: I y would be informative and might con- 

ceivably point tr.e vay to useful application of exiitlng devices. One such 
"quick- fix" experiment -a» done under un**tit tac tory conditions. The "basic 
data" experiment is an essential supplement to determine the quantitative 
characteristics of Che phenomena and the design parameters and operating 
technique required lr. surveillance InstriDtnts to detect then, 

unfortunately, some people have concluded, we believe pre- 
•aturely, that such defection will not be operationally useful. For example, 
the opinion has been advanced chat the norms 1 mode of transit of rice paddy 
land is by walking on the dikas, and also that since farmers disturb the 
paddy waters in their normal work, the technique would be useless. 

The Contr»ctor feels chat this conclusion is incorrect on 
at least three count*: (I) a variety of normal ot contrived situations can 

be imagined when detection of such disturbances would be useful; (2) the 
dtiKUbitlfy and persistence of changes arising from disturbances is simply 
not known; and (3) such pictures of actions as are available (an existence 
proof) (Ref, 6.24 and Ref, 7.5; happen to show guerillas fleeing acrose 
flooded Lands. Or. the first count one can visualize the possibility Chat 
o night-time dike-walking la contrived to be unsafe- 
forcing guerillas to walk through peddles; 
o there are extensive swamplands which must be trsveraed by 
guerll U* , 



i; 





■> <u*rt l !a* trawl lr canal v.itrts and r hiv- moving itrwii, 
brrau**- iru.*el i* I'i^iff, or in order to avoid scent 
tracking, or tor other reasons; 

•' In the khorat , where there are ounv aha Mow pools, 

|u«rilli* auy tike the shortest route, or seek to avoid 
dust clouds i Ret, 0 .I 8 ); 

o guerilla* are for.eJ to flee across tioodco lands toward 
their preis«i»ned rerdervout points, etc. 

On the second count--tt Is *iaply not kn^*n h^v long disturbances persist, 
or w+at is required to c*h«erve then. 

o It aty bt that tamers netting crabs and working in the 
paddies during the day produce surface disturbances which 
persist throughout the .tight* time nours and would tend 
to cvctvhc la any subsequent disturbances. On the other 
hand, the observaMe *f'*c r« wy last only a short tise 
»!0 Btn.ire* to 2 hours) and hence the "scaory" of the 
water is short. 

o Existing infrared surveillance gear say produce all the 
data desires, or It say not. Ihe likclinood is high 
that such better data*proceai ing, at least, could be 
employed. 

These, and aany other questions cannot really be resolved without quantitative, 
experLaertal data. 

In surveillance work on* of the great difficulties encountered 
is lack of patterns. This technique, if successful, sight be particularly 
useful ir. reifefl^P this difficulty. 
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ir. ijiwts, the i.'MMiioi bt'ltmi that the potentialities 
at tr.it wiwMi unuiut i -amiiun .e «u;ob »'ouidbe e.iaousneb by first 
following the n.'ntil ewientlfiv pr«***Jute* af analysis and experiment, tnd 
only then coupling ie<;>U> tnto operational research. 

7. a. 1.2 iUce Fodov [wpx^turf Calculation 

KviU, iliiitii:.. a->* .-.at t% the .'..wsingnt factor 

ic cant tel! In* the ob.erv.Mlity ,'f auitacv variation* on disturbed stagnant 
pool*. ii,e. . organic particle suspensions and oil*. and fine Inorganic 
•otter *iy be at Important', an attempt vat made early In .tha ttudy to 
• stjjMtc temperature variation* a* a crude measure of equipment requirement*. 
Ihate calculations. although the condition* attitted there (or, the oalttlon 
of pottibiy important cifectai might make :he cate virtual, are given below: 

t . rhe Steady State Rice Fauoy 

Calculations can readily be made for the "still-water" caee 
l.e. with the assumption of negligible wave action or convection. 

Ihe one-d Leen* ion* l e itte dependent diffusion equations are 




t - » *7 " 0 


(1) 


0 le temperature 
F la heat flew 
K Is nadim'a thermal 
conductivity, and 

D * density 
c • specific heat 
a • K/Pc 
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Solutions to il' have t ««* torn 

Fu.X> • S* t 1 *! 1 * V ) 


- r ^ .>V • ;x 


x .££ 


I! the ivita l* driver, by - time-varying heat flow essentially 
independent of temperature. (2* can be Fourier transformed to 

X ,1T75 


FU.X) - AU) e 


x ,3n 


(3) 


If the diurnal heat flow is aeauned sinusoidal (l.e., u) ■ 7.3 x 
1C ") of maximum amplitude Fo at X • u 


(1 a j) /1U0C/Z 


(X /j 7.3 x 10 _5 /m) 


(*> 


wt.j"* 0 Is the aaximn temperature excursion during wl.e diurnal variation. 


For water (cgs units) 


l, c ■ l and K «* 10 


Thus 


(1 «■ j) (.19>X 


a * j)i .9 x 10* 4 


<«•) 


*rhe coordinate system used hat 
values of X below the water Surfs. e 
only for X < 0. 


tr.e water Surface at X • 0 and negative 
- Hence Equation (3) end following, hold 





*v V V- f- * .VM^‘ 


I.**.# ipicttii Ijncttor.i of Equation u 1 ) apply, in which cut P(oj,o) 
cat be I'jciiJersJ to represent .; _r.it i:<p oi amplitude Fo, occurring at Che 
ti«* th* wader* srtrred tip the vutet. then 


F{ u. o' ■ — • A v x) 


aai the toaperaturt Jpectral function bee see* 


T3c < u) * 


The corresponding z ia« function at X » 0 is 




or, using the constants used with Equation (5), 


9(t.O) ■ .3 c* degrees centigrade 


■bus after sac hour a tnperatur* recovery of 2G°C can be expected 


(■SI Jftiilg uu *uifa»e ikiaiog;. 


be Fourier transfora of (7) for X 4 0 yields 


For interesting values of X and t the probability Integral ttrta la 
swaaped by the exponential, and, approx lately , 

1/2 , y 2 n 


-7.61- 



I 


m 

me value o; Fo is or the order ot .01 cal-'eV during the day, and 
arout me »acc on a c;*ur nisr.t it * it tJHen to De I. Thla ylelda 

o a . i;*.- l4X <s 

Hence the surface temperature. a* a function at the nixing dapth, 6, la 


Surface temperature mucuj diurnal excursions for same reasonable 
mixing depths arc: 


Mixing depth vcm> 

0 

5 

10 

30 

100 

Maxima Temperature Excursion (°C) 

37 

24 

16 

3.9 

2 


Thus one would expect a diurnal variation of 2° in a 1 meter deep paddy avtn 
If complete nixing occurred. 

The phase of the thermal peaks at ;he surface Is seen to lag the 
peaks of flux oy the reasonable value of 1/4 day. Thus maximum and minimus 
water temperature at the aurface occur* at 8 ?.M. and A.M. respectively. 

The effects of local mixing near the surface are probably so strong as to 
make lag calculations as a function of depth by means of Equation (4a) 
meaning less . 

h. The Transient F.lct Paddy 

From the foregoing It can be seen that the surface water layer 
(10 cm or so ihlsx) of a rice paddy can normally be expected to differ In 
tapenturi by perhaps 1C°C from the lower layers. If this contrition is 
changed as a result of men wading through the peddy, what 1* the time history 
aoi temperature change tnereafter': 

-/.a*- 


1 I 



n-.e arginent ot th t exponent 1 a 1 tot a depth ;f 1 c* reaches unity 
at a tia* ot '5.' second*. and tor a ..a it about one hour. This would indicate 
that if surface sixt.-.j d.*vn to somethin* be l.*. - •*» co occurred, the one hour 
car lace : eeperatute recovery of JO 0 via lruj.it e.' tn (9) on the «f 

no aixir*' sight be expected to be lees by perhap* 1/e. 

In sixaasry. baaed on vlctsentary dlffuslvity theory modified to 
provide for surface fixing, it can be expected that rice paddy surface 
temperatures or. a clear night would average some 10°C cooler than tha bottom. 
Further, it rixing occurs, it can be expected that the aiaturbed region in* 
it tally assjses the bottcc t cope ra cure, cools about 5°C the first hour end 

. , v 12 

thereafter about as c 

Lateral mixir.i should :.o: be siir.lf.uur.t beyond a lew cm, in th# 
absence of currents, hencs spatial extent of the dlaturbed thermal region 
should be cocparao It to the region of physical disturbances caused by wading 
aen. 

Ssgerlaftte end Applicoale Equipment 

In the first month* of the study a survey vae made of existing 
commercial ar.d z'.litsrv ndjfxaeters , scanning r*dl omer era . and thermal map- 
pers, to locate equipment which might be istful for "quit *’- ?! */' basic, or 
terrain mapping experiments. Since ouch of this material is still pertinent 
and timely, it is repeated here. 

A. INFRARED MAPPERS AND PROGRAMS 
1. Navy 

The Saw has a program to examine ship waxes by thermal mapper. Support- 
ing work Is being done by NBL in Chesapeake Bey (Contact : John Sandercon, 

Super intendar.t , Optics Division. .SsL/ , at the Naval Air Development Center, 
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or captain Wan*. lenun^nt ) , and a*: t hr Srrlppi Institution (Contact: 
ft. Wth*trr. iMft. Appitr.i ex venography oroup, San Diego). A vlilt 
'•4» aide c o the Utter on 2 ? June U teertnie* go to the Unlverairy of 
Cu 1 ifornia . Marine Phvt U » Ubout jiv. San Diego b2 , California). 

* ' Sc ripp* 

Dr. !1i*AlhH*r sho-ed a n^sr: oi thermal up picture*, taken o*»er 
the occur.. There showed turfite whip*. thin wakee , and a masher of oceanic 
feature* »uch a* temperature front* at eftuurlcs and the effects of tur- 
bulence over mount*. In addition tone map* of Inland Kay Uaet were avail- 
able, shewing a small inland body of water. The ocean pi' Cure* were made 
with a rented Haller. Raymond h Brown Instrument (AN'UAS-4) mounted in a 
D- 18 (this instrument being a pred*te*»or tc the AN/UAS- 5 by Texas Instru- 
ment* which made the Key Wes; puuui). 

The »Mp wake* photographed were visible f ot distances as great as 
* no’Jt 3V *bip* length*. Th.tr « were a contlderable number of electronic 
artifact* in the picture* but most were easily identifiable. Fot example, 
a ship stack would be very white fol’owtd by a long dark overshoot tlong 
the .can, and a short white overshoe- followed the cool ship outline. Since 
the rweep was 180°. distortion at tne edge of the map was very bad. No 
ocean temperatures were available to check these maps but from other ex- 
perience Dr. .HacA Ulster judged that the wake was seen primarily because of 








’.Me VfN tfe»* pittm** wfir il i * p l.ivrj m <« faxac Haitu«*»U irport 
(R#<. '.#» of .» t#it pro*r»t h\ An Prvv l opeten? Squadron l, U.S. Naval Air 


Station Kev •>*! , ^ 1« . 


II - e M ai 2100 hourt ‘weathet k U.»r 


25CJ f; aUltw.1i 


Sp«rd 1 JO knot* 


ISO* field of vie 


Hg -doped 4« cell 


ittpiriun retolutlon 0. Qi°t l ' 

Angular uioUtun 2 millir«di*n» 

I-* piitjr.v were e*;tef.#lv detailed and l*pr*fc»ivr and while there 
veti no identifiable evant* tiailar *.o Shot* of inteieat ro u", on* f«lt 
encouraged a* to poatlbl lit i*» . 

5f, MaiAlliater nad r*nt*o *n aircraft and mapper from HRB (*•• III 
ttipw tor aource cat*; but nac oroarao *nAN<JAS-> froo ItMt Inetnoente 
tn praf *r*r .: * t» vpj eq^tprcr.t. Hr* pttowiry taaaun »*t t h/.t HRB did not 
provide a Ult-sil* atoory oevtta or nearly mal -'to* viewer auch aa la 
available wttft the Z.l. d#vt<«. Ha fait that any operational Navy gear 
vo-jid have a r* 0 uir«i*ni for rail tin* viral ng tr.d could not afford eh* 

I j. 2 0 itcor.d dalay vrutn ia about n* b**r that t-r. i* athl*v*d with an 
Arte: Rapid Procnior 4 -niCft a-*y a* u*ed with HP! dr»ut . 

Or. SiUlllrMr wa» interested in A0ll£ piobiao*. H* volunt**f*d 
that ht uigr.t b# vt 11 tr.§ to tr.i*r into • r**aonaBl* experiment with it If 


*It it interacting to not* tr.«t in* Foil Monmouth protect p«opl* hav* 
etter.tlally at*r.Conec tr.e r*»l tin* vtr./era a* a tourc* of continual trouble 
in uta of the US 5. 

7.1 Kaar.ar, 9., Prtllslnarv Data fur IP Detection Ttet . December ia,19M 
Ttxaa Ir.etrjaentf < V.'OO Lerrr.cn Avtn-ir, Da l lit, Texas) 


• 7 . Si- 


thi* **«a*d dfitublv. 

i'uriM a tubtequt- nf v«»n r.» S.-rlpp* tor uthei purpoaea, the oppor- 
tunity ;ro*< to fciv» »i«i tacnet »t rilling up* add* ot a r 1 1 1 aee-aurfei.es 
with the IAS - > rtciiit ly dtlivrrtd to St. fUt-A 1 1 1 *t.*r . rhea* ahuw a wide- 
apread and dittimc tell- like at rupture to the water surface bearing a crude 
l‘«! a awl* taut* to puture» ot oenard pattern*. 

b. Naval A it rev « 1 wpqirut tent^t . Johnsvitle, Pa.. ASW Laboratory, 

Special Met hod » Division, Applied Phvaic* Section (ASWL Coda All), 

Hr. J. J. Pelto. July 18. 19b 2 . 

HA CD atareed lta extensive work on the tlirmwl (Mppliig of ocean 
aurtaces vltn an airtime &.«»<« radiometer, iiui instrument rcaulted In 
data on the temperature ot a single "line" below the aircraft. Later on, 
the following acanning equipment# wer* uaed: 

AN/AAS-d (X-A-2) 

AN/AAR-9 (X-A-2) 

Reconofax Camera 
1R ASW bomb Director light Unit 
i AN 'AAR- 1 3 lX-H- 1) 

AN/AAD-2 

AN/AaD- 2 Modified by !*DC 

With the AN'AAD-2. NADC uaed a copper-doped Carman lun detector and 
obtained very goof picture* with an eatiaated temperature aenairivlty of 
1/4'H. The picture* have bean mad* with dc restoration and iu the "temper- 
ature" of far-apirt treat hot been mapped in correct reLacion. That ia, the 
average level of theae area*, aa veil at cht temperature-variation in the 
area* ha* been proparly recorded. In nape made of the ocean proper, the 
eurface temperature of deep water appear* cooler than tha surface of aha 1 low 
watar* Since .NADC' * atm i» an extremvly high temperature aeneltivity, they 
modified t.he AN'AAD-2 to a 1° square inatantaneous fl**ld of view end achieved 
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J :*-per.t*. u»i* ftfliMtiv.tv .»» lu^h .1. 01 -0.00 1°*. It i» inte-eatlnj, to note 

that the bom dare brt.een • and warm «uitai* remarkably sharp on a 

pic tut* rto.s the 1 a k.* **..»►**■•* Lakr icreivoti showing the reaervoir'a die- 

..-h^rgr into the .*c*.»m. I h-. tc.ot iwj* with Hu* mounted equipment ehow 
extreme l v tine : opera:*.* details cl '.he vwan suitute. without any trace 
ot equipment noise. in most c«»e>< Significantly. there is no noticeable 
variation in d*tect*a UDp*r«t a [t -uh »<upl« nan. 

v^r>C tele- ted a n-anDer ot typical map# tor publication under the 
title. "Ada. of I.'froicd iua Background Pattern?," by P. M. Moaer and J. J. 
Pelio. »hia Continent!*! repot: was to be published in about two ot three 
south*. Unfortunately . r.o .pare prepared dr.tt 1* on hand for earlier 
reference. 

Since !A.C ;i concerned wit's ocean surfaces.. and maps of inland 
waters, stMll-area variations of '.test surfaces have not been NADC's concern. 
Mr. Pello suggested that pernapt the Army Electronic Proving Ground# ac Fort 
Huacr.uca would have specific information tegatding iuch carpers. A* far as 
active SADC part ic ipac ion in * special investigation of theae target! la 
concerned . ar.y request snould oe directed to the Commanding Officer, «Ai>C, 

A;; antic. Au-- c<ct •..* b-rea-. of Naval Weapons Code RUDC-A3. It la 
unquestionable tt.at SADt » broad eapetience in observing radiation from 
water surfaces ana in me suonne detection of wakes represents an in- 
valuable reservoir of >pccific kno-ledg*, 

111 Agg 

a. fort Monmouth . On 29 June vi»it wa# made to fort Monmouth, U.S. Aray 
Sigr«l .-*»*• reft and Development Laboratory. Reconnaisaanc# Branch, 
Surveillance ivepaitmenc. Amnorne Equipment Section, to talk with the 
project engineer '-i-itun Parde#/ on the AN/UAS-5 and with the Branch 
Chief. Daniel •'ill... 
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ihc turnaround pj>!. Ihe other .hewed 


r I o.'J i r.c the n.* ir. pool. lh« w.cei w«» a lew degree* higher. Many 

fine emotion* of tenperutur e couU be seen u: temperature front, of water 
flooding the pool. 

P. ■ ^ Any , tv*n» Statu 1 Upoiutory . Front tonaouth, J.J. , Sgt. 

William KJ*pfer. lulv 20. I«a2. 

Ihi purpose of this vi.it was to Inspect the thermal map. mad* In the 
Par.unu test* of the AS UA$-5 between ? May and 28‘M^y 1962. 

The purpose o. : the test, vis to evaluate the equipment for u.e In 
tropical regions. The test, nave been nude over a designated area. Thla 
area is spptoxinut.lv a b-ml long and 2-mi wide strip about 1-1/2 ml to tha 
West .nJ roughly parallel to the Panama Canal. *!»*■ 2 -ml wide Scutharn 
bound. t > of the area i. roughly at the Utitui. of the Southern shoreline 
of the city of Panama. The terrain is mount. lnou. (elevation, up to 800 ft) 
a^d is covered vitr. jur.gle. 

The equipment had numerous breakdowns. Failure, occurred primarily 
in the recording unit (point-pan it la*. recording- lamp) and In the detector- 
packet. However . the photographic camera. (KA-20, KA-220, KA-39) al.o u.ed 
in the flights, J toned even more frequently. Consequently, but understand- 
tbly, the result of the tests i# not volvninous. 

Th, nap. obtained were made at a flight altitude between about 1000 

and 5C0Q ft. 

Unfort in* 1*1?, the original negatives .how . invariably, vary lev 
contrast and often nave been underdeveloped. Moreover, in a Urge percentage 
of the map., one edge ol tne m.p was not txp<med at all a« though the re- 
cording l.np did not ignite. It w*e impossible to estimate whether the low 




equipment, or 



to a - i; is u>w ot the taiget .ueu. or to * generally poor 

i ra.i*-ai**i**i» or Vkiiemely high hunudi' y, oi to fogging 

. , . c .. . s.-.i.--..- . .•: io : . ,*~V l n.-d efte.sr -.'! thest* condition*. 

.Mai a lip hee.-. ra.ir at * !*.*■ tfginnin* .*! end o! l he High’ '? the city, 

*oac c 1 ae would now d< .v.iUMr to lea*, partially resolve thl* question). 
TM, nt,,:!.'.! i> e» pe. tu 1 1 c a.n»oi t ..la? * Den..** two very Interesting experi- 
ment * had peer, planned. 

in one exper isent . a convoy of 5 and .2-1 '2 ton truck* In about 75*fc 
distance j..d ..p to 12 ir. r.usbet . proceeded in a very "it row ic ruck-wide) 
ro*d qr.de r i canopy e f tree*. The them* l nap thow* very* clearly a few of 
theie truck*, however,. I’kc opinion l* th*t these truck* appeared In opening* 
of the car.opv. *uft as pnotogiuph*. made during the ease t light > although not 
» laultar.aou* ly, *hr- truck* not under canopy. 

The other experiment involved a number of large campfire* lit In 
about 60' r.igh lungle. Ihe fire*, about ^ in aiameter. were allegedly 
clearly p.t i: .is that the pilot ha; olio seen the fire* from 

tne flight altitude of About 1500 ft -so chat.. piobxbly, a direct llna of 
tight exiitefi between a fxie and the AirpLane. <Thlt record wa* not in tha 
Evar-i Signal Uhcratorie* at the tine of the vltlt.) 

* Upper mentioned >om* Intel titing meteorological phanonana of 
the Jungle. Lerlv in the Burning, heavy mlit or fog *tc* on the jungle until 
the »ar. burr.* -p the fog. .loreover. right after raln ; the Jungle "eteams" 
heavily for #n haul . How*v«t . *utn Veaolng" has no? been observed 

on the top of the muur.tii ». (Note tn*t the flight teit* have been delayed 
until the fo| Cls.tpattd. Some m*pv show patent* of cloud'; me map* do hava 
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let ruin iniouiifi toe edges oi the c loud or through very thin 


i-rata *‘‘‘“**^ > < l » *>»«ppe | i.tlled to out attention a Quart trwit f r 

I rep»r*. the Si ;*■*••» o log »-*! 1*1)11 l> ui » iu* junkie; nowevor, tne 
report v.,* not available. 


c. . r.iver: :: v .-* ? Mi *.r. l^an In st I t air of Silence a nd T echnol ogy . 

Libo i.n ,'rv . Prs. i* . H. Suit* t . J. Zt».. I*. Maers, M. 

Holtti . J. S:tj in. W. Wolfe. 1+ July I9b2. 

ihe lntr>re 4 Liberal .*ry 1 * very well equipped with infrared eceiuiere. 
Installed in Rif at u raft, the laboratory operates a modified AN/AAR-9 end a 
modified AN AAP- 2 vitr. a 1-mrad instantaneous field of view. The laboratory 
recently obtained five cor.pl ere #rf« of AN/AAS-5 systems; these equipments 
ere currently being modified to a 2-tnrad field ol view and will be installed 
in L-2Q aircraft. Moreover, the "Project Michigan Wide Angle Scanner" la 
Installed in an t-23 aircraft. 

A number of detectors are available for use in thcec equipment!, 
covering the spectral region from about 1 micron to 13 microns. The long 
wavelength 'electors , rt txtn#r CO pper or oeicury doped |*rmaniv». The 
cooling of these detectors u accomplished hv liquid y and He poured in a 
do..ble dfw»r, *r cording t0 Mr. Koitet, no difficulty la being encountered In 
operating the equipment m this faahien. 

The AS/AAS-5 is a two-channel equipment with the following 
characteristics : 

AN/AAS-5 iXg l) (Rtf - 7 - 10J 

Designed for mounting in L--20 aircraft 

W«igr.t--iOO lbs. Power-- j 3 amp 28 VDC 

Optics: Two back-to-back Identical. Radiation folded by ona 

of two perpendicularly-mounted plane suiiaca rotating 
sc-r.r.cr collected b y 6" f/0.8 parabola, folded again 
7.10 Optical -we;h»;.u*l Scanning Devices, University of Michigan IRIA 
State-of - the-At t Reycr: May 1958. 
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by tbl mirror. and focussed on cell. CLC 1* 0.25 tn; 

t«»olut un-N mud,, foe j 1 length-5 in. 

r«.:*bEJl. A photo* onJu% 1 lvr Jaiwtor 0.5 * 0.5 m o is pUcid iP 

foul plane, PbS on one tide; cooled PbS* or PbTe on the 
..'trier . 

Only 85° *cnt*t of each *cen U dUpleyed. Forward 
sunning l* due to aircraft notion. Each detector 
t rat. e i 120 line* per second *o that successive ecen lioee 
*u»t touch at 175 sph. eltltude 500 fL. 


.’«*ian 

Objective: PbS--mln. detectable signal of 1.8 * 10 .M uattB 

PbSe--oin. detectable Ugnal of 3.4 x 10 watta at 2.5u 


Thi* lead* to a tvmpriature ser.Hrivlty of about l°-2 d , Kelly, ac 
VSASRTtL felt that Hg-dop*d-Ge cell* could be used, that th# cell change 
could ‘o# made by a company like II In about 5 months and get sensitivities 
of fraction* of a degree. 


T>e Liberator'.' ha* begun a 1-1 '2 ye«r program to collect detailed 
data on the temperature of terrain, •* a function of the time of the year. 
Data will be taken twice monthly, mapping the same terrain each time around 
the clock to resolve the effect of the time of th* day. In addition to 
this activity, the Laboratory haa an extanafv: program in mapping inw* 
covered crevaaae* in ice-cap*. 

Tha Laboratory ha* made thermal map* showing very fine datail. Mapa 
of runway* with simple resolution chart* indicate Lhat perhaps batttr than 
1 -«rad resolution ha* beer, attained. Various vehicles In this map made frt» 
an altitude c-f 500 ft tan be distinguished according to the type of thu 

It 1* interesting that a parson without a ahlrt in on# of theat 
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,. .. ( . . rfvr | ^ '•>:*. ted .hm ,iot t.loot 1 1 : f.l > ''uTr.u mother pinon with 

* shirt or. if si > sing tt.— the A-p. Map* ot hlghwavs made with the «H 
equipmc iu iron ?00*tt altitude very clearly snow a distortion of vehicle* 
due to their motion ithe *can-llne was perpendicular to the road). 

Such vi’rv high resolution maps with very good temperature-sensitivity 
can onlv be obtained bv considerable attention to the equljwient. The resolu- 
tion is > l mu ttaneou* 1> limited by a ncasber ot factors. These f-«r-tocs may be 
the lnstantsneoua field of view, the definition of the optical system, the 
site of the recording spot, the synchronism between scanner and recorder and 
the stability of the aircraft. Consequent ly , a further increase in resolu- 
tion requires simultaneous Improvement on all these factors. 

In the meantime, correct operation of an equipment is the all Im- 
portant factor in obtaining an optimum map. 

Hssrs. Holtar and Morgan offered to make a map of a nearby pond with 
and without disturbance, during the course of a regular mlsaion under one ot 
the Laboratory 1 s contracts, because ^f contract requirenents the map will 
tear a Confidential classification. 

Considerable work on IR, oriented to combat surveillance problems, 
has been participated in by the Laboratory. {Ref. 7.11, 7.12, 7.13). 



III. Air For ce 

a, USA.F Aeronautical Systems Division . Urlght-Pattereon Air Force Base, 
Chid, Reconnaissance Laboratory (ASRNR ), Infrared Section (ASRNRS-3), 
Kssrs. C. L. Woodard and K. K. Crimberg, July 16. 196 2. 

In the opinion of Mssrs. Woodard and Crimberg, there la no "shelf" 

equipment with a capability comparable to HRB's Reconofa* VI (see KRB-Siagtr 

below) and to the AN/IAS-5. As far as airborne IR studies are concerned, HUB 
7.11 Morgen, Joseph, and Dana C. Parker, An Analysis of I R Combat Surveillance 
a nd T arget-Acquisition Equipment for Use In Expeditionary Operati ons of 
ng Porce (U) , IR Laboratory, Institute of Scien- and 
Technology . V. of Michigan, Juno 1962 (Secret) 








has ir.e ®o» i mra»ive npcriincf. Interprets t ton of IR reconnaissance data 
If managed tot the Air Fori* b* Rom* Air Development Center (J. Poharanc, 

HAWK C . Ext. 21)22 . 

At tht« tttie. the IR lection wee not flying thermal sappers. However, 
the Rec onr-» i saant * uDontory nao on ot«ler * uaS 5 modified for .1-rhannel 
operation. One channel to operate in the region between about 3 and 5 microns 


spectrin using a pnot ooult ip liei detector. The total scan angle of the equip- 
ment to b« 146^ wit . an lna cant fielrf nf wi*w of 1.5 arad. The temper- 
ature senate ivity of tha Ir.$b channel to be about 0. 1°K. lit* «rqui|n«ni. will 
be operated at altitudes up to 55,000 ft. (he IR Information will be recorded 
on 5” film. Thi* shipment will serve an expel tmenra 1 study that la alaad at 
ln-f light correlation of visual, infrared «nd radar data co be obtained in an 
Integrated ayatem. j 

The Infrared Section of the Reconna usance Laboratory had Just initiated 
a study of the detection by passive radiation of small bands of troops and camp 
sites, using multicolor techniques. 

Masr*. Woodard and Griraberg, were not aware of past or present theo- 
retical or experimental investigation that would be applicable to the probla 
of waVe de*erMe« j" rmsll bodies of water. Investigation of the detection 
of campfires, would be undertaker, dm lng the course of the above-oentlouu- 


b. Rf- no . Texas Instrument* has a subcontract from McDonnell Aircraft 
to provida 1C AN/UAS-5 equipment* for use in the RF-110* 


EE an^are^Mg ani 

B mlS 



13-15 February 1962, IR Laboratory, lnat. of Science and lech 
Michigan. March 1962, NOnr 1224(44) Unclassified) 
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IV. Halier. Ka vmond «> Brown- S inaer . Inc .. Stste College. Pa., Dr. C. L. 

Wc,-vibri«i?c, >Jssrs. J . A. ioocl ur.J J. T. Walker, July 19, 1962. 

In a company-sponsored program. cogent design changes In the AN/AAD-2 
i.Keconofax IV'. resulted in a high-speed IR detecting set capable of operating 
at speed* <p to Mu*h 1.1 n t in altitude of 1000 it. ihla new system, designated 
as Reconofax VI is about the same size (approximately 1' x 1* x 1*1/2') and 
weight (»• pound*) as its predecessor. The equipment rue a 3-arad fleld-of* 
view and. at a maxiaua V'H ratio, temperature aanaltlvity of about 0. l°K using 
■ liquid N, -cooled ir.Sb detector. The detector package !: designed aa plug-in 
units so chat all current and future detector types can be uaed in tha system. 
rh« detectors are readily interchangeable during flight. Besides recording 
in flight, by means of an Fh transmitter, the Reconofax VI can talcaeter tha 
raw video date to e ground-based recorder. 

Under development is Reconofax VI-B with an Inatantaneoua fleld-of- 
viev of 1-mrad and a second signal channel in the visible region of the 
•peernrs, 

Another system, Reconofax VII will be an ASW-type scanner. It will 
have a 10" aperture diameter in contrast to the 3*1/4" collects! of tha 
previous systems and an Instantaneous field of view of 1°. 

With an InSb detector, a temperature sensitivity of about 0. 001°K is 
expected; vita a 6e t tig detector but otherwise, under identical conditions, 
a fivefold Increase in temperature sensitivity is expected. 

Fhese latter systems will have a continuous calibration recorded on 
tor h edges of the ship-map. Consequently, the absolute “teanaratura" of tha 
areas will also be possible to evaluate in addition to the "teeperature dif- 
ference" that prevails between various areas of Che taiget field. 
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HUB -Singer it al»j working on tn«* development of a 2-/luid cascaded 
refrigeration eveteu ioi Aeronautical Svetem* Division. Wnehr-Fatterson APB, 
Ohio. The prc*gr.»a 1* el.ned at a i lotcd loop cooler that can facilitate 
detector operation rimer at 30°k or dO°K; it la about 1/2 to 1 year (rote 
completion. It it interesting to note that in Dr. Woodbrldge'e and Mr. 

Sobel'a opinion, field operation of a 30^ detector, without e c loeed loop 
cooler, i* xsptaitical, because of the restrict ion io ..eirly vertical orienta- 
tion of the detektoi-peckagc. 

It vat noted that oitualng chit a wake hat a temperature differential 
of C.i*' 1 *. detection i» very possible, once tr.e contrite between pond end 
terrain--wtuch may be at high at tent of degree*- *haa been eliminated by re- 
moving the low- frequency retponte of the equipment. The pond would probebly 
appear at more or lest uuaiuim background to th it no dynamic range problem 
would exist. According to Mr. Walker, experience shout that a line chape In 
a two-d iment iona 1 pictuie can be detected when the difference between signal 
ana background la perhaps aa little as 20 per cent of the equipment nM.ee. 

At reported earlier HRB- Singer hat an equipment available for rental. 
The cost of th* air plan* is $100/f light-hour, the coat of the equipment 1* 

Si to 'day and the cott of field engineering services It $100/day when away 
from State College. Mr. Walker tugg**ced that the stalling point of the dis- 
turbance and point where the person causing the disturbance would leave 
rht pond, ihould o« marked by beacons to that the approximate location of the 
disturbance could be positively Identified on rha «rp. For daytime measute- 
ment ■ , t spectral region above 3 or 4 microns has bsen suggested (Ce f Kg 
defter r’»; for night-time measurements, the region between 3 end 5 microns 



would be advantageous because the availability of various site fnSb detectors 
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coulJ l.ulliiote d uurnf Jet erminetion ot tha alee of the d l at urbane# . 

I. EQH P Hk.'fl Kng FIX Eli. SUE EXPERIMENTS 

l • B^l i d-Atmou . Inc . . Cambridge, Huai. (UN4-7420) Kvaporog raph , 

(Raf. 7.U) 

In the Eva pui ogr.iph the thickness ot an oil tlua being condanaad on 
the back of a membrane exposed Co Incident radiation la a function ot tho 


point - to- point louse temperature. Ihe beat temperature eeneirivlty m> 
perUrwed under ceretully emit tolled laboratory conditlona la About 0. 5°C 
which la •. conaldarably loaa than tha theoretical aenaltlvity, Thla la 
probably marginal for our use. lurcher, at room temperature, tha InatruMnt 
ia fairly alow, requiring ehn*it 1? aeconH* *t room temperature for ditterencea 
of a few rant of degree# and conaldarably longar for aaallar dlffarancaa. 
Another difficulty with thla lnetrwent la that It producaa only plcturae, 
which ara difficult to usa quantitatively. 

11. lUoiatior. Sltctgm eg Csmpqnv. Ill, , Tha mo pan. 

Thla company ha* two baaic typaa of scanning radiometer#, a lino 
scanner, tha TP-2, and an area-or>line acanner, the TPA-5, Thaaa ara made up, 
on order, and taka about flvt month# to build. Thay ara not standardised ao 
that there la no firm aat of charactarlatice, A good oxanpla of their beat 
lnatrumanta la a special high-speed ayetem built for Redatona Arsenal, with 
the foilwing charactarlatice. 

Diameter Collecting Mirror# : 6" 

focal Length : 20" 

Angular Raaolutlon: 1 mrad. 

Plaid of View: 3° * 5° 


Spectral landvidth : 2-9 u 

Syatom Senattlvlty: 4 x 10* lO w/cm 2 (9u) 

7.14 McDaniel, G.W., and D.Z. Robloaon, Thermal Imaging by Mean# of 
Evaporotreph . Applied Optica i, 311-324^ May 1962 
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R.<nge oi FuiW: 

Disp lay : 

Au'illUn 1 Output: 

Opel. Ikmperatui* Kang*: 


liquid Transfer Systc 


Direct Video on CK1 
Tape Recorder 
J2 d - l 10° F . 


The line rate ie 2000/aet. Any of four filter* may he remotely poll* 
tior.td in front of the detector. The temperature lemttlvlty 1* on the order 
of 0.05°*0. 1°C but 1* a strong function of the scanning time, Either the 
basic Instrument,. or one of the special Jobs such aa the above could be applied 
In a static last program but would have to be borrowed unless eh* approximately 
five months' welting time were tolerable. 

111. S-mea Engine er ing Company . Stamford, Conn., Ms*r*. C. Soill, S. 

Inplowbato, and V. Wilks, July 17, U6a. 

The purpose of this visit was to survey the availability of Instru- 
ments tor rh* Investigation of the radiative characteristic* of disturbed 


It was reported In an earliar DRC pap*, that the only available two 
dimensional itiiiateu uanntt was the tames Model 12-600 Infrared Camera. 

Thl- instrumant Iw* veiy hign (i-mrad) resolution. It is capable of producing 
either a 20° a 10° or 10° * $ c picture n-if thp frame-time le rather long: 

12 minute* tor the 20° x io° frame. Since the resolution required for con- 
trolled experiments la on the order of 10 mrad, and this le attainable with 
the instrument, the camera could be advantageously used in the experiments 
it it were possible to Increase the scanning rate by at least a factor of 10. 
As it turned out, the scanning mechanism has bean designed for compactness 

and an increase of the ecennlt^ rate even by a factor of two It questionable. 
-7.98- 
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NtveiihHo,, fcng mealing promised to evaluate chi* possibility and 

to dsterain* -.hathai thate 1 a *i.v r £,. t ion such as the ox lan tali uu «f the 
;iaer*, whan \t la used at twite its normal scanning rate. £ven if this 
hignar s:annt«g rata la tsaslble without restriction, it appaara probable that 
tha ir.fr.rad u,i«u wan a desired instrument only it ene disturbance would 
hava ar. unexpectedly »l..tp t amp «ra t ur •- § radiant in a vary short distance and 
a vary detailed investigation was justified. (Characteristics of tha 
Hodal 12-600 ara given on tha next paga.) 

The inscriaent can ba purchased for $25,000 or ranted for a min lain 
time of ona month for 10% of tha solas price. For rentals of up to 6 months 
75\ of tha rental price is applicable to tha purchase price. 

Ihe equipaent is normally used with a Polaroid camera but a paper 
chart recording displaying received radiation vs. time par scan line la 
available. 

Barnes Engineering Company has designed and la producing, "Portable 
Radiation Ibermnaettrs" (Model 14-310). This merriment le a radiometer 
whose design is based on the principle of a continuous comparison of target 
radiance (more precieeN l*ra'<Unc.e frexa tha target) with the known radiance 
of a built-in black-body reference. The output of tha radiometer 1* dis- 
played on a panel meter calibrated in degrees fahrenheit; however, the in- 
striaaent is readily adaptable for use with pan recorders. 

Tha Radiation Thenamecers coma with a number of modification whose 
*“ ct characteristic* depend on the desired campereture anywhere in the 
range from -40°F to 1500°F, The model whose temperature-ring e le from +15° 
to +212°F has an absolute accuracy of l-l/2 a F at a response Lime of 20 milli- 
seconds. 3iiu.s cnis mm aaent would facilitate "point -by-point 1 measurement 
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of the *utfai e -temperature of the pond, * few seconds responae-time would bo 
a gooo match •. o the *pc«d with which manual orientation of the tripod-mounted 
interment could be accomplished. That, a temperature aenaltlvlty of about 
0. could be attained in the reduced aignal-band. The Interment con be 
obcained with - field of view ol 1° * 1°; it operate* In the apectrel region 
between 6 and 13 micron* ao that it could be equally well uaed In daytime or 
night. It consist* of an "optical head" weighing about 3 pounda and of 
, 'nain elaciromct" weighing about 12 pounda. Thtee unit* are scored In two 
cairying catea each 6-1/2 x o-l/2 x 10-1/2 lnche*. rhe power -requirement la 
105- 12' volt* ac, 60 cycle*, 15 watts. The price of the instriment la 
$1775-, the delivery-time la 30 daya. It ia felt that a very thorough in- 
vaatigatlon of the radiative characteriatica of email bodiee of water could 
be made with thtee inatrmanta. 

BARNES MODEL 12-600 INFRARED CAMERA SPECIFICATIONS 


Scanning Data ; 

Width*- 2° 

Height 5° and 10°, aalaccabla 

Ilae l> - 13 ainutea 

Picture Resolution 0 

for 20° width 350 e lenient* / line 

For 10° height 176 lines 

target Temperature Range — --------- -17 0° to ♦300°C 

Picture Tmsperature Range 'Black to White): 

Minimi® R*nge d - * A°C 

Maximum Range 150- 

Swlleat Detectable Ieoperaturt 
Difference in Picture: 

In t°C Range d 0-5° c 

In 150°C f'-nge 10°C 

Abiolute Accuracy-- - 5 °C 






BARNES MODEL 12-bOO INFRARED CAMERA SPECIF ICA IiONS (Cont’d) 
OPTICAL 

Cassegrain' Reflecting 
8" (Primary Mir row) 
12 " 

C/1.9 

1 foot to infinity 

U. J a 0, J wi 
lx 1 mil 

ELECTRICAL 


Line Voltage 115 volts, 60 epa, single phase 

Power - - — - 400 watts 


4 On special uiwvfj the Instrument can be furnished with « 10° scan, 

b Thls scan time is for a 23° x 10° picture area. Seen time for the 20° * 5° 
field is 6.5 minutes. Ir. tne l0°wldth model, scan time* for tne 10° x 10° 
and 10° x 5° fields are 6.5 and 3.25 minutes, respectively. 

C For ill x 1 oil detector field of view, 

^The use of a german lum-inxaersed thermistor detector provides e minimum 
picture tcupersture range of 1°C, in which the detectable temperature 
difference is 0. 1°C. 

*rhia specification indicates the distance between the target and the front 
of the camera. Considering the additional path length of the folded opti- 
cal system, the actual distance to the focal plane for a target 1 foot from 
the camera is 2-1/2 feet. 

^Thls data is for the standard unlmmersed thermistor detector furnished In 
tne instrument. Ihe germanium- immersed thermistor has a 0. 1 x 0. 1 mm flake 
and s 1.3 x 1,3 mil field of view. Lmaersed and unlmmersed detectors with 
other fislds of view can be furnished. 

7,4,2 Basic. Date Experiments 

It appears that practically no quantitative, reproducible data exists 

on surface itnin- Layer ) temperature-cycles, or on the radiative character of 


Iype of S>item 

Diane; er 

Focal Length 

Effective Aperture Ratio- 

Range of Focus*- — 

Detector Data*: 

Site 

Field of Vte«.> 


9*. 






ot likely place* nas turned up only a lew references and U.S. Hydrographic asd 
similar survey* have not been helpful. 

Thi* strongly suggest the necessity for controlled measurements. A 
wienie approach to uncover the essential data is described in the following; 
different experiments to accomplish the same ends are, of course, reasonable. 

7 . 4. 2 . 1 . Parameters of Importance 

People wading through normally stagnant bodies of water may 
cause a relatively strong mixing of tha water that exhibits a characteristic 
vertical temperature distribution. The mixing then results in a disturbance 
of the temperature of the water surface. 

The detectability by Infrared means of such a disturbance la 
directly dependent on the temperature difference between the disturbed and un- 
disturbed water surfaces and on the spatial extent of the former. When th* 
colas ivity of the surface also changes with the disturbance, the change In tha 
product of (temperature x tmisslvlty) is the determining quantity. Such a 
change Is conceivable, for instance, with algeous water. 

Since the duration of such a difference will be finite, de- 
teura^llir” vill he a’tr limited in cino. Consequently, the quantity of Inter- 








% wm 


Optical quality ot water (spectral absorptivity, reflectivity, 
and cslaalviiy/. 

Spectral abcorptlvlty of the bottom. 

Plant and onls*l life and raalduca. 


S- Ht£«lt»idc of (mechanical) disturbance. 

In order tn experimentally determine the efface of theat para* 
aetera, that would alao facilitate a comparison with theoretical calculations, 
it la essential to conduct a basic measurement program. The following types of 
Instrumentation and eet-upt may be et^loyed to determine those parameter* under 
a variety of conditions and to the degree necessary for initial astimatesi 
7.4.2. 2. Experimenta l 3*t-ups 

The simulated rice paddy Is a control lablo-dapth simple pool 
with provisions for producing a disturbance similar to that caused by a parson 
or parsons wading through It should ba outdoors, as sun-driving and evspors- 
tlon effaces era important and it should be possible to altar the bottom- cover log 
easily. Hi# pool should be large enough that the transient affects of passage 
are no more important than they would be in the field. 

Suitable experiment* may be conducted In a pool of about 
14 ft x 24 ft x 3 ft which may be of gur.nice construction and include provisions 
to drain off and replenish the water conveniently. Thus, tha depth of the water 
end the composition of the boetom (mid) could be varied. 

Thermocouple sensors would serve for tha measurement of tha 
vertical temperature distribution In tha water. The use of thermocouples would 
facilitate eccursca differential measurement* a* wall as tha Nasursment of 





*b«olut« tempereture. . Fcur thermocouples st sutLsbls epee Inge would provide for 
the astsbllshment of the trapereture profile ec ooc location. Tie uppermost 
Measured point of the profile would be about 1” • 1/6" below the surface, depend- 
lop on the wind conditions. The temperature would be measured to an accuracy 
of ♦ 0.1'K anJ recorded by self -balancing including potentiometer. 

Air teaptraLuie, rcletive humidity end wind would be Measured 
by c went tonal Instruments. 

Th« psidy U observed by e radiometer froa a tower (or poeal- 
bly a cliff), with a scanning nr none canning radiometer as a tens mote appro- 
priate. In addition water temperatures should be observed directly at a number 
of points. 

There follows s brief discussion of two slterostlve modes of 
observation which wars examined. 

The discussion Is slmed st the description of geometrical 
conditions under which the disturbed state of the surface temperature of a 
body of wat*r can b« Measured In controlled experiments to simulate certain 
phenomena that are expected to prevail la reel situations. The body of water 
that has to be simulated Is e flooded rice paddy ; the disturbance that has to 
be slnaileterf U that which might be caused by people having waded through the 
paddy. The preaent interest in detsils of the disturbance is limited to the 
extent thee could be det cced by airborne thermal mapping. 

In addition to the geometry of the experimental measurements , 
the feature of so equipment beet suited for the measurements and, alternative 
measurements possible with other equipment will be oolntad out. 
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From tills height, a scanning rsdloaetcr (Infrared camera) of 
2d' x 10* scan field, could scan (with a 20° awing from about 0 » 28 >° to 
W.5 C ) a length of the target field, a^, that la 

Sj - H( t g 48. 5° • eg 28.3°) * 13.5 feet, and, 
with a ♦ 1»° awing from a^, a width of the target field, a^ ih.» la 

* 2 « 2B o x ig 2.5° * 5.2 feet. 

The apdiial res o lu i tor .ilong a^ would deteriorate to about 
0.35 foot at 48.5° angle; It would improve to about 0.26 foot, ac 28.5° look- 


Tha variation of resolution along a ^ would be even leaa. Con- 
sequently, the variation with look-angle cf spatial resoiullwu would uut be 
significant, especially If the scan-line a ^ is oriented parallea to the dis- 
turbance. In this arrangement, the center of the disturbance would be obstrved 
along about 17 resolution elements. The variation across the disturbance would 
be observed, on the average, with about 20 resolution elements on both sides of 
the disturbance. 

The resolution discussed above is geometrical resolution; 
that is, perfect focussing was assumed. Since the slant range in the look- 
angle region between 28.5° and 48.5° would vary by a factor of about 1.3, tha 
degree of focussing and, with this, the actual resolution and eemperaturs-aenai- 
tivlty would also vary. Consequently, a prograaned- focus equipment would be 
ideal. Nevertheless, a fixed-focus equipment focusaed to tha slant range 
would probably result in very practical accuracy since the variation in range 
to the disturbed *ress esn be expected within the depth of focus. Moreover, 



th* effect of dcfocussing would be caey to determine experiments 1 ly by centring 
measurements -iiU focussing to three utfferent range*, for Instance. 

To our knowledge , the only infrared centra that la readily 
available, la the Berne* Model 1 2- 600 . While this camera does have a total 
field of 20 x 10 lor, 20° x 5°) and its tempera ture-stnsitlvicy of 0.1°C ap- 
pear! well a-ited for th« prea«tit puipo««, the scanning time la U minutes. 

This time may be excessively long for u*. The 13-wlnute scanning time Is, 
partly, caused by the relatively high resolution: 1 arad. Although the poten- 
tl*l exists to decrease th P scanning- t iso tn 1.3 minutes by decreasing the 10° 
width (about 170 elements) to 1° (17 elements), this could be achieved from a 
slant range of 150 feet, at a look angle of 60°. But, in this case, the required 
height of the radiomecer would b« 75 ten. mis height would lead to a costly 
platform unless a suitable netural terrain (cliff) could be found u locate tha 
camera. 


The 10 y 5 model of the Barnes camera would picture an about 
13-feet by 5-feet area (from <.6-foot height at fcQ-faot slant range, 9 ^ ■ 40°)ln 
3.25 minutes. This picture would have, at O o , a spatial resolution of about 
0.08 foot. Thus, we would again pay with tine for nut-needed resolution. The 
camera at a height of O) feet and at tf o - 67. 5°, the spatial resolution t q 
would be about 0.27 foot *nd the scanning-time would be about 2 minuets. This 
time could be reduced to less than l minute, If, at 1.3 arad fisld of vltv 
(germanium inersed datector), provision exists to increase the scanning time 
by a factor of about 2. 

An Infrared camera would have the advantage that it can pro- 
duce a visual presentation of the thermal characteristics of eha enelra tsrgat 


.“V* 
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fiela, and, aicmjlfaneoua l/, tt can furnish a radiant- intensity va. tins (scan 
angle) resold ct the target field. Unfortunately, the only readily available 
c antra h*» an unnecessar ily high resolution for the present application, lead- 
ing to excessive tinea to peiform the measurements and/or to a measurement 
geometry that leeiu Impractical 

alternative measurement -projr^s* would ufe fixed-field 
radiometer. In this case, aelecteti areas of ihe target field would have to 
be measured "point-hy-point" or, the temperature variation of a highly li^or- 
tant area auch a* a portion of rhe diaturbanca, could be Matured during a 
period of tine of Interest. Pie field of view of the radiometer and tht geo- 
metry of the measurement* would be as described earlier. With two Identical 
radiometers, a differential meaauvemenr could be made: one lestrment would 
be pointed at the dlaturbance and the other instrument would be pointed at an 
undiaturbed portion of the target area. Of course, such information could also 
be derived on a time sharing basis. Pie tine required for the measurement of 
one data -point would be determined by the time needed for manual aiming of the 
radiometer, since signal bandwidtha on the order o* ten epa or more can be had. 

Pie Barnes canere can also be used as a fixed- field (not 

•canning) radiometer. In thia application, field of views up to 8 mrad x 8 arid 

★ 

esn oe obtained by the use of spproprlste-slse detector. Pie detectors arc 
thermistor detectors of essentlslly neutral spectral response. Since, In field 
application, the spectral region if detection will be limited by atmospheric 
absorption to either the bsnd between 3 and 5 microns or to the band between 


* Pie use of e large field of view in scanning mode leads to overlapping 
scan lines but not to an advantage. 








V ind 1J microns, the neutral ;;spur*i o* a ifrralitui ilrtriii -u du«i nut have 

a particular advantage. The advantage of the thermistor detector la Halted 
to the practical aspect that It does not need cooling. 

If we add chat the slow response of thermistor detectors la 
responsible for the long scanning times pr- iously discussed, it appears that 
a camera with thermistor detector would not be the heat choice of scanning 
radiometer, nor perhaps, of a fixed-field radiometer. 

The expet iufcnc, preferred after consideration of all factors 
and on the basis of simplicity, low initial costs, and a • w.wwhac more modest 
date-handling problem is given below: 

The radiance ("temperature'') of the water surface would be 
measured with Barnes "Portable Radiation Thermometer," Model 14-310. This in- 
strument is essentially a radiometer with s built-in black-body reference, 
operating in the specti«l region between 8 and 1? microns. The instrument say 
be had with a tield-of-viev of 1° x 1° and a temperature sensitivity of 0. 1°K 
at s response tine or 1 or J seconds. Two radiometers would be used simul- 
taneously, on an about 20- ft high wooden plattora located at some 8 ft from the 
edge ot the pool. (Figure 7.4,1) Thus, the slant range to the center of the 
pool would he about 23 ft and the subtended areas would be about 0.4 ft x 0.46 ft. 
Consequently, a 0.4b-fi wide annulus could be scanned by rotating s radiometer, 
at a constant depression angle, around a vertical axis. In about one minute of 
(.into, one half of the annulus could be measured. 

* Both the accuracy of the temperature measurements and the spatial resolution 
have been chosen to match the capability of airborne IR scanners. This ia, 
typically, 0. 1°K at 1-mrad square f ield-of-view or 1 square foot at 1000 feat. 







In Deputing the temperature of a disturbance, one rcdlometer 

would be pointed at the center ot the disturbance while the other radiometer 

would scan the annulua. The output of the flrat radiometer, the difference of 

the radiometer outputs *nd the angular position of the scanning radiometer 

would be recorded on a itrlp-chsrr recorder. Thua, the temperature ot the 

scatter of the disturbance vs. time would be continuously measured; the spo- 
on 

tial extent of the disturbance v*. time would be measured In t line-sharing. 

The radiometers would also Serve, from time to time, for the 
measurement of sky teopersturs. 

A calibrated thermopile would facilitate Che measurement of 
insolation and a conventional illumination meter would be used for the measure- 

Of 

sent of the trsnsmiss lvity cf the water with various concant rat Ions of mud. 

In order to assure reproducibility, s simple mechanical de- 
vice rrould serve to introduce the disturbances. This dsvlce would be perhaps 
s cylinder with radial fans, that would roll on th# bottom of the pool vhtn 
pulled by means of a rope. Lhe cylinder would b« about 1 to 1-1/2 ft long 
and large enough in diameter at not to completely submerge in the water; guide 
ropes could assure an approximately straight path of travel. The final fora 
of the device would be governed by the criterion of producing disturbances 
that are similar to choae caused by people. 


** Alternatively, an undisturbed area of the annulus could be measured In 

cantlnum and the disturbance could be scanned. Moreover, the angular sisa 
of the annulus and its respective portions on both sides of the distur- 
bance, are possible variations in the technique of measurements. Optimum 
technique would be determined experimentally. 

a Ideally, the spectral distribution of these quantities should be measured. 
Nevertheless, the measurements can be reduced with good accuracy to furnish 
the necessary information. 




The ilte oi the pool would *.* properly fenced and suitable 


• toi*.** facility provided for th t Instruments. 
7 .(*. 2 J . rroxTum Plan 


The experiments could be carried out in two phases in r 4 x- 


■oiuha' time, u fo L love: 


Thie phase would require two calendar months, conatltuced of the fol- 


lowing activities : 


a. Review of requirements and detailed specification of Inscruaenta- 
tlon and set-up. Detailed program plan. First and secood weeks. 

b. Selection of test area. [Negotiation of leased First through 


c. Construction of pool with mechanical disturber^ radioaster plat- 
form, storage shack, fence. Fourth through eighth weeke. 

d. Assembly end calibration of Instrumentation. Second through 


The experiments would require four cs lender aontha. During this tlae, 
the measurements would be taken, date reduced and evaluated to establish the 
requirements for detection by alrtome surveillance gear. 

The measurements would be performed In three categories as follows: 

1. Installation and checkout of the instrumentation. One week. 

2. Estaoiisnaent of the dally cycle of the vertical te^iereture ex- 
cursion, including surface temperature, of undisturbed water. 
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These measurements would be carried out around lha clock, ii* 
order to determine the time of minimum excursion that is poten- 
tially the tin* ot least detectability. 

3. Characteristics of dUfurbonces . These measurenwnts would be 

carried cut at critical ri**** of the day to facilitate establish- 
ment of the dally variation of detectability. 

The second and third categories would Included measurements made with 
several different types of bottom and, if possible, with some growth in tha 
pool. Tenth through twenty* fourth wdcUt. 

Thu status of the program and partial results should be assessed on s 
monthly basis. A final ruport should be in hand by the end of the sixth ca lan- 
ds r month. 

This program would require 4-1/2 men months of senior snd 5 men months 
of Junior effort and costs for the axperimcntal sat-up should run about as 
follows: 

«-K) 


I.l. 

1.2 


1.3 


1.4 


Lasse of property for six months, $150/1 month (if n« 
Construction of: 

Pool 

Mechanical Disturber— ------ --*-■*••■*— ***** ■•----* 

Plat form- 

Storage shack------------ ------- 

Fence with gats, $1. 75/ft — ——***— ————”"* 

Water conn^cH^n, jmw»-rllne, pump, mud——— 

lest oration of property to original condition, 
labor to change mud. Insurance, contingency--------- 


’)- 0.90 


1.70 

0.40 

0.33 

0.20 


0.30 

0.75 


$ 6.0 
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ULii 

II. li»»iront;nt«t Inn 

Rad i iJf&e tor, 2 each At l.BK 3.60 

Record! r.g potentiometer---*- 2.20 

Strip- chart recorder------------------------*--- -- 0.90 

Caiifcrctcd ikurasjplU "35 

HilcelltncCbJ ( 1 1 luminal ion- otter, readout potent lor-: ter 

for scannlng--radiomecer, scan-drive, tripods, etc. - 0.75 

Meteorological g»ar and cum ce 1 lane o us items — ^^^0 

99.8 

7.4.3. "Oulck-Pix" ExPeHn wit 

7.4.3. 1. Introduction 

Informal arrangements were made with University of Michigan 
(Mr. J. Morgan) for a "quick- fix" experiment Involving thermal mapping of a 
nearly shallow poo!. This was tu lieu of a preferred rental of coiatrclal 
equipment. An account of the experiment is given below. Unfortunately, sche- 
dule difficulties arose which prevented running the exercise under fully con- 
trolled conditions end there were frustrating equipment failures. Thee* *ud 
lack of experience with this type of observation made interpretation difficult. 
It has not bean possible to repast the experiment. Mucn thanks, nonthelase, 
la due to University of Michigan parsonnel for their effort*. 

7.4.3. 2. Equipment for Experiment 

* 

a ) Temperature Probe Set J 

(a) 5 (five) temperature sensing elements (probe*) 

(b) 1 (one) readout instrument 


* Two of these sets were purchased and one is now In use in Thailand. (See 3.6). 
Satisfactory results were obtained in tests in Santa Barbara. 




( 


(d) 1 (on**) probe mount 

(e) 1 lone) thermometer (25 to 125°F) and 
1 (one) hygrometer with instructions 

(f) 1 (one) csrrying esse 

(s) £sch temperature sending element is s thermistor embedded 

in a glass-bead, and mounted, water-proof, in a steel probe with leads 20 ft 
lr length. The thermiatur has a negative temperature-coefficient. Its re* 
listener decreases with increasing temperature, by en amount of the order of 
1 per cent per 1/2°F. The resistance of the thermistor is of the order of 
6000 ohms st 50°F end about 1000 ohaa at 140°F. Consequently, the resistance 
of the leads is negligible compared to the resistance of the thermistor. The 
leads from the individual probes eie evimected to an 11-prong plug that con- 
nects into the readout Instrument. 

(b) The readout instrument is s dc wheatsione bridge with a 

(-50)-0-(+ 50) microampere meter as indicator. The bridge has three different 
alignotents fur isto bi idge-cun’eut chat corresponds to the resistance of rh* 
thermistors at 66°F, 96°F and about 125°F temperature, respectively. At any 

ether resistance of the thermistors, s bridge- cuncnt prevails. Conversion 

* 

from bridge-current to temperature Is r«ciln«ted by a calibration table. 

The table has three colunsis for the three alignments that result in three 
teapereture ranges. These are: 

50°F - 80°F 

80°P - 110°? 

U0°p - 140 °F 

* Time liml ration prevented furnishing the metar with scales directly call- 
breted in temperatur'. 
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At the "off” position of the Temperat ure* range the bridge is open (unener* 


In* bridge is energised by two Bveready E-12 He' cur y cells, 
providing ror more then 1000 hr of operation. The condition of these cells 
can be checked at the ”30* Test" position of the Trmparature-range switch 
that connects * fixed calibration resistor to the bridge. The bridge-current 
that must flow In this case is -30 microampere. A meter-deflection to tha 
left of the mark indicates discharged cells. The cells ara accessible for 
replacement through the base-plate of the instrument case. Note that cor* 
rect "calibration-current” la an indication M propar operation of the read* 
rt "t instrument, only. For a checkout of the entire instrumunc, the probes 
have to be inserted in a constant temperature bath, together with a mercury 
thermometer end the reading from each of the probes must be compared with 
the thermometer reading. Readings within I4A indicate correct operation. | 
Tha bridge operates in an ambient tc^>erature- range from 
-40 C F to + 140°F. Nevertheless, tha readout instrument should be shielded 
trom direct sunlight and not places on moist ground. 

Due to the thermal Inertia of the thermistor- probe and the 
delay in meter response, the responae-tlme of the equlpwnt la of the order 
of e few seconds. Consequently, the measurement of the tenperature of five 
probes will require about om-half to three-quarters of the minutes of time. 

Any one of the five probes may be measured at a time, de- 
pending on the position of the "Statlone" switch, and, when the "Tenereture* 
range” switch is on one of the ranges. 




The absolute temperature sensitivity of the instruments* 
tlon la about ± 1/2°F. However , a relative accuracy of about ± l/4°F can be 
obtained by estimating the meter-deflection to within quarter of a division. 

(c) The probe -mount la provided to keep the theiiaiator-probea 

et a constant relative position In (a vertical) line. The mount is a 3*ft 
long hardwood bar with holes, to receive th** prohre. at one-lucli Intervals. 

Each probe la secured In a hole with a rubber grosmet placed on the narrow 
end 01 the probe and )ammed against the bar. 

A wooden flange with collar attaches to the lower and of 
the bar to prevent the bar froa sinking Into mud. The bar la secured In th« 
flange by a 2"- long 8/32 machine screw (supplied). To preven* the mount 
from floating, the flange has to be weighted. A 10- or 15-ft long bamboo 
pole may ba attached to the upper end of the bar to facilltata insertion 
(lowering) of the mount Into the watejr from the edge of the pond. Once Che 
probe-mount is inserted in the water,' the bamboo- pole may be eet end eecured 
on the bank of the pool to assure a steady position of the probes. The sta- 
bility of the probe mount may be lncreeeed by en additional pole faatened to 
form a "V" with the first pole. 

b) Surveillance Equipment ; 

The University of Michigan aircraft, equipped with an AAD- 2 scanner 
and a medium aperture radiometer, similar to the equipment to be used in the 
routine terrain mapping experiments, was to be employed. The scanner was 
to employ total InSh (1/2 ma x 1/2 on and 1/4 on x 1/4 mm) and Ge-Cu (1*4 m 
x 1/4 nm) detector*. The resolution of this scanner with 1/2 tn x 1/2 &■ detac* 
tors la about 3 (allllradlanc)^. 
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7. 4. 3. 3. Experluu tnt 

On ths I9th and 20th of September 1962. thermal Hpi were 
made ot a shallow, natural pond, In its oonal etate and disturbed by walk- 
1 U K personnel. The ptioury objaettva mb that of gaining first-hand sxpsrl- 
•nc* with the problenm of ualn| thermal mappers against small water targets 
and small apparent temperature differences. 

One daytime and one nighttime mission was scheduled for 
each day. The target of the mission was a natural pond south of Ypsllantl, 
Michigan. Adjacent to Willis load, this pond is about 1-1/2 to 2 miles 
west of U.S. Hlghvey 23. Tha shsps of the pond is roughly slllptlcal with 
an estimated 80 to 90 yard- long major axis and 43 to 55 yard- long minor axis. 
The depth of the pond is, on the average, about two feet, occasionally dip- 
ping to three feet. There Is algae on the water periphery In widths as great 
as 10 feel and s growth of reed around the edge of the pond, except for the 
bank along the road. 

Numerous thermal hoppings of thla pood, both In ita natural 
and disturbed state, were scheduled for each mission, primarily from an alti- 
tude of 500 feet. Plans were to explore the effect of epatlel resolution as 
well as ths affect of spectral region. During the missions, ths vertical 
temperature distribution at s selected location In the pond was maasursd 
from a asm 11 aluminum boar by thsrmlstor probes. In ths daytime, from about 
9 o'clock on, a total of about 3/8 of ths sky was covtrtd by small patchss 
of clouds of rapidly changing configuration. Surfaca winds with vslocltles 
up to 20 knots ware encountered, making for gsnarally poor conditions. In 
contrast, th« night* w«r* clear and calm. Air and water temperatures were 

as follows: | 
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September l 1 . - Sr PUrmbt?r_20_ 


Lova » Tin* 

1331 

2J3C 

1100 

2115 

2145 

Air Temperature , F 

60 

45 

52 

43 

41 

Water Temperature, °F.... 

68 

64 

57 

59 

59 


Dua to Intermit tent inaolation, the heating cycle wee 
irregular. In addition, high wind in the forenoon of the aecond day Mde 
surface-layer tenqperature measurements difficult. On that night, however, 
repeated observation* indicated that a temperature difference of about -l°F 
(at 2136) and about -l-l/2°F (at 2146) existed between layers at about 1/4" 
and 10" below the surface. The temperature reading on the probe closest 
to the surface was aads with tha boat slowly rocking so ;hat *he proh* 
approached tha surface without emerging. During the opposite swing of the 
probe, the temperature difference decreased to about l/i°f and even to «tro. 
(Note that the probes were on a floating mount it a distance of about 4 or 5 
feet from the boat, while the leads from the probes to the readout inatru- 
:*nt In the boat, ware submerged in water.) 

it la therefore reasonable that people wading in the pool 
caused a temperature differential of at least th* sera* magnitude between un- 
disturbed end disturbed area*. After the first mappings a number of people 
tramped energetically around the boat in a roughly circular pattern but tha 
hoped- for "wake" wae not seen in the photographs. 

As is often the case this first attempt at a complex mea- 
surement in the field euffered certain misfortunes. First, failure of a 
drive-belt on ch« scanner caused cancellation of tha first afternoon flight. 








Cfppg 

On the night mission of th« asm* day, • leak to the Dewar of one detector 
end nolev lead* on the other ceuaed wry poor signals. A substitute detec- 
tor wee tried without obtaining any improvement. Consequently, no ueablc 
mapper data were obtained on the first day. Further, although the substi- 
tute detectora used on the second day may have developed usable Infoiratlon, 
the In-flight film recording was mads at a setting thst accomodated the 
variation In signal level from the entire acanned field. That Is, the day- 
time file records show ‘the pond in sn unexpanded gray seals; considerably 
less than the available density range of the film has been utilised, for the 
pond. The nighttl» records, In addition, have ths pond placed on the uppet 
knee of the gamma curve where the elope uf the curve might be less by a fac- 
tor of 2 or 3 than in ths middle. This means that differences In sign*! 
level larger by the sens factor can only be distinguished St this portion of 
the gaasaa curve as s step in density. For excels; at s density rang* that 
consists of 30 steps, and at a t enters ture range of 15°K, s temperature dif- 
ference of' one* ha If degree would cause s step in ths middle of Lite gray 
auxin; whereas, only aa much as 1 U R or 1.5 U K would be discernible In the 
high-density region of th* film. These characteristics of the in-flight 
film recording and probably infarior sensitivity of the substitute detec- 
tor* may explain ths fact that no wmke (or persoonal) can be identified in 
the mapa although the boat la identifiable. 

Raw data ia available on photographic negative and au^petic 
tape at University of Michigan. 

* Although no firm date are available, it appears probable that ths temper- 
ature sensltlvlcy was worse then 0.5°K. 
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7.4. 3.4. Cr It lauc 

TM* experiment, Ilk* Moy field exercises, tottered from 
e nueher of deficiencies from which lettont can be learned. These were: 

*> Schedule problems* 'original plana called for a more 

leisurely mopping exercise which was compressed because of upcoming prlorlry 
experiments (l.e., Operation Troplcan, etc.)} 

h) Poor coordination* -due to a Mutual misunderstanding, no 

flold reference ataidarda of temperature were provided and thar • waa no 
time to obteln these; 

c) equipment --failure--(a* noted earll,.); 

<*) Poor conditions --on the particular daya open for test 

the meteorological conditions wera poor. 

Thase fairly typical problems fortify an opinion that even 
a simple field experiment needs time to amture. I 

Examinations of original photographic negatives showed 
no traces (wakae) that could positively be correlated with rh« kn^vn paths 
of personnel. This failure waa tentatively assigned to the fact that the 
mapped pond, in the nighttime pictures, was overexposed, causing ea apparent 
increase of the detectable tenperacure-dlf ference. Such photographs aa 
were obtained already have been forwarded to AIM in DKC monthly reports. 

(hi the 11 rh of Novsnbar, 3 x enlargements of representa- 
tive In- flight Imagery acquired during the experiments wera received from 
the University of Michigan. 

The Mter, In the night, waa warmer than the terrain, the 
pond (and the road) appear* , in thase positive pictures, wich lighter than 
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S the retrain. 

The point is that kji* detail of th« puud surface etruc- 
! tuie would be Keen if the negative* had been made with leoser exposure. 

I Kven *o, the boat in the middle of the pond 1* clearly seen in both picture*; 

Moreover , one ha* cha impression of aealng structural of tha pond whan in- 
specting the pictures at a slant angla froa arm- length. it la believed that 
i other enlargement* made at a higher expoeure--eo that the terrain would ap- 

pear almost completely biack--could reveal whether chi* impression 1j cor- 
rect or not. Of course, this purpose could be best served by new negatives, 
made, at optimum setting*, frew the cape recordings. However, the responsl- 
j billtlee of Project Tropican have prevented the asking of such enlargeMr.ts 

cr new negatives from the magnetic tape-recordings. It Is hoped that tha 
University will find time later for further evaluation. To date no addl- 
1 clonal Information ha a been received. 

7.4.4. Smwwrv 

On reasonable, if not provable, grounds it is concluded that (1) 
Personnel transiting through stagnant water may cauer a difference in the 
radiative character of the witer surface. In a manner analogous to tha for- 
mation of ship wakes; (2) Detection of such changes, and eapeciaily their 
patterns mey be useful In end-guerilla operations; (3) Since the quant Ita- 
tive characteristics of the postulated phenomenon (i.e., intensity, extent, 
persistence, and observ. ti lity) are not known, they fhould be determined 
by e basic measurement program. 

(hiring this study an unsuccessful quick-fix experiment with a thamml 
mapper was tried. Existing thermal maps of water surfaces amde with 

-:~9 
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Other application* of It may ba of some interest in antl-guerllla 
work. Right -time viewers wsspon sights, scanners, ate., for military 
applications hava all been tha subject of developmental work. Since, 

In this study, tha few novel replications of It received moat of tha 
effort, tha treetamnt hara is cursory and brief. Ideas for other 
app'.lc*t lens or study ars discussed In 7,5.1. Some Information on 
sals ting devices was obtained by visits to responsible laboratorlaa 
but for tha most part, a survey of currant stats-of-the-art waa 
attempted through acquisition of raporta. Such data aa ware obtained 
are given In 7.5.2. and 7.5.3. 
cowran s 

7.5.1. Ceneral 

7.5.2. Developed Equipment j 

7.5.3. Kvaluatlons and Taata 
7.5.1. General 

tight -time vlawara and scanner#, including battlefield eurveil- 
laneo devices, intrusion datoctora, ate., may ba of utility in certain 
anti-guerilla operatic * depending on their performance, weight, and other 
tactora. This la a general question of requirements versus feasibility 
which seems to require a cooper! son of operational needs with tha perform- 
ance of existing equipment, and tha feasibility of super tjr equipment, a 
comparison which has not yet bsan mads. In Table 7.5.1, in tha next sub- 
section, a list la given of developed equipment and Its expected character- 
istics. This may ba of some use in tha Agile program aa either (1) tha 
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equipment hat baan already evaluated and raoults aty cover Che ceeee 
of Int treat for Agile, or (2) the equipment, even if dormant, aay etili 
be In existence and bailable for naceaaary tests. 

Two thoughts on leea typical and somewhat far-out application* 
occur to ua and are given here without analytic. First, In looking for 
trail* ot corridor* under the ralnforaat, it nay be that II napping and 
aultlcolor photography aay be uaeful. Tralla or streams aay recult In a 
a lightly dlffarant avarag* equilibrium tea^erature dlatrlbutlon on tb* 
foraat top. At an lnatantanaou* field -of -view of 2 ared the aenaltlvlty 
of atata-of -the -art tharaal mapper a la auch chat about a O.IX change In 
tha product (aniaalvity X temperature) aay be aaaaurad. If average 
ta^erature gradient* occur acroe* trail* or stream, ar* of this order, 
or greater and era not loet in fluctuations, they aey be teen In th* 
output of properly procaaaed aappara. A data processing ays t am designed 
to emphasis* isotherm representation might be helpful hare. Also, as 
•aan In reference 7.13, rather subtle differences In foliage can b* seen 
when picturat ar* taken with panchromatic color, infra-red, and camouflage 
film. Dlffarant species can ba identified end, in the same spec Isa, sick 
*~.d healthy trass (which may have reflectivities differing by a factor of 
10) can ba differentiated. Such photographic contrasts may ba used for two 
purposes — to deduce th* general nature* of tha foraat, and with other 
data, infer lta characteristics more accurately. (It may chan ba poeelble 
to Infer tha nature of th* ground level conditions precisely enough to 


7.13 Manual of Photographic Interpretation George Santa, Inc., 

Manas ha , Wise. I960 

e For example, whether a given region contains many randomly located speciae 
end, hence, la primary rainforest, or contains specie* In stands and, hence, 
la not. , ... 
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locate "corridor*") ; and to estimate the atjmd density directly from 
crown closure (or crown cover) and height measurements (and then dedues 
the probable ground lav* 1 conditional it U clear that not enough data 
ara on hand concern Inc 3 • t Aelen forests** to evaluate the utility of 

thee* Idea*. 

Zl la a a cc •* tad that terrain mapping end photography exercises 
be carried out on aelactad area* ot ?. f.. Aii.m "Jungle” of different 
type*, containing some well-known trails and at re ewe to eea if detection 
can be accomplished. The data ebould also be analysed to detetnlne the 
decree of accuracy attainable in predict lone of the characteristics of 
the (round level. 

[The other nation is that, if it la really »:rue, that jungle 
living fur a abort period produces visually detectable changes in skin 
color, whether e no re sensitive Inspection device night be Mde which 
would Indicate, in a variety of natural skin shades, lack of exposure 
to sunlight. On balance chit aeons unlikely, buL ie not known.] 

A very large variety of XA equipment for ell sorts of military 
purposes has been developed In the past few years. With few exceptions 
not auch of the conbat surveillance equipment has gone into production. 
On the bee is that It nay be desirable in Agile, to test soma of these 
devices, for etreteglc heeler, outpost or other obvious uses, a list 
is given in Table 7.5.1 of equipment which night be applicable, with 
enough data to enable an lntaraetad party to locate the equipment. 


*• 0. f. Forestry terries was queried for decs but none were available. 
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Identification or 1m 

Table 7.5.1 Pertinent Military Infrared Bqulpment <Bcf. 7. 
Contractor 6 Service Type 

16) 

Probable Statui 

AN/AAK-2 

C. I. 

Vl**ara 

Paaalve Binocular - 2-1F2SD ICTa* 


T-6A 

American Optical 
Buffalo, 

KIDL 

■aed nountad binocular* >2-6929 
ICTa - requires IK aearcbl igbc 

Adopted by 

Arwy 

T1-C0 

iatncai Optical 
Buffalo, 

KBDL 

Like T-6A but for close work 
like map reeding 

Field teat 

XM-18 

Ubl lenoab 
DA44-009 KMC 2631 

BXDL 

Handheld binoculars - require 
IB 11 lumlnat ion - ICT 

Field teat 

AM/m-6 

Raytheon, Santa Barbara 
iai 

Tripod eounteC radar/active IB 
for novlng tergeta. Personnel 
range 400 yd. 

Dormant 

T-5 

Baaaon, Carrlll, Brian 
Clan Cove , B.T. 

iin. 

Mataacope Image- r 1CT6929 

Production 


I 


A*/SAK-3(XK-1) 


Q-0>S Corj., IV. SvnroilUuo binocular - bot or Dorwot 

iuSlll P» Illuminated objects 2- ICTa 6032-A 


n Weapon Sight 

T-2 Waapon light; 


laytbaoo, Santa Barbara 
DDL 


Waapon Sight* 

Basic weapons 69 U CT-300 yd*, 
range 


laytbeoa, Santa Barbara Baalc Waapooa 6929 CT-300 yd* . 
JEHU. range 


* Image Comuara ton Tube 

7.16 Military Bandbook Infrared ieulawant fol It 11 BuShlpa ML-HDK-230 


Production 
contract lot 
for a guast^ty 
of one of those 


tec. 


-Ml 


Table 7.5-1 Pertinent Military Infrared equipment - Coot lnued 


Identification or Im 


Contractor 4 Service 


Type 


Probable Statue 




t-579(XX-l>/FAK 


Raytheon, Santa Barbara Pa ■•lee Intrualoo detector < 1° 
BuOri field -of -vlev 2 element t ha relator 

bo Iona tar - personnel 400 yd. 


Do meat 


I 

f 

1 


R-579(XX-2)FAR 

R-579(XB-))PAB 
(AJI/FAR-4) (XX -3) 

R-S79(XK-4)6(Kl-5) 

All /PAS -l 

Scanrod T-2 


Caataan Kodak 
BuOrd 

Baa tatan Kodak 

SCEL 

Baatawa Kodak 

SCBL 


NIL 


Servo Corp. 

See Hyde Peak, R.T. 
JSAEDI 


S Ini lax to above 


Slatlur to above -4-5 mrad 
50 Ibr. 

Slellr r to eb ,*e 
50 -f ba. 


Scannere 

Tripoli paaalve, for detecting 
per sot na 1 A vehicles for IK 

Tripod paaalve for peraonnal 4 
vehicles, peraonnal SCO - 1000 yda. 
t hernia tor bolonetar - 10 Iba. 


Dormant 


Dormant 


Tested 


evaluation 
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75 --3/4" Utttrin* on naiepUte of soldier t 

100-130 --recognise individual 

200-250 --sufficient detail for eniper to ale 

250-400 — sot loo detectable 


I 
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7.6 IftCttKOUMD ntOBLZM S 
gWWTS 

7.6.1 Cenenl 

7.6.2 Limitation of the Detectable Signal 
by Background 

7.6.3 Quality*!** C oaa u r » 

7.6.4 Conclusion 


7.6.1 Conors 1 

*n»* liait to tha auiurrsint a phyai.*’ quantity la act by always 
present natural tluctuationa (noise). Thla nolaa night 
o b« a cmpooent of tha quantity to ba measured; 
e ba produced by tbe measuring iMtnaaat; 
o originate la the caviroaaant of tha source and 

lUtliMQL; Or 

o originate anywhere la botvaan eba aource and 

lMtnaaat. 

la Maiurwmti of radiation an abaoluta lisle la sat by the phocoo- 
nolaa of tha aourca* radiation. Ho re often, however, tha nolaa (ran tha 
target* a eovlronnent (background) la tha Halting factor. 

background nolaa ou*t alwmya ba cu.'eileied whenev*r the f<#M of «•«•* 
(f.o.v. ) of a radiometer (detection-equipment ) la larger than tha angla eub- 
tended by tha target. Whan tha target la aa large or larger than tha t'.o.v. 
aa la the case m therm 1 napping tha background became identical to the 
target. 

In two promising applications of optical techniques to gueirlllo- 
mrfore (t.o., fire-detection and wake-detection) however, background- eelae 
does conpete with the target -signal. 



r 

I 


l 


I 


l 


7.6.2 Limitation of tha Da t acctbla Signal by lac k« round 

Tha m»|nitud« w»f tha Cumpatilluu may t»« darivod ai follows: 

Lat, 

0 • f.o.v. of a ndlonatar (stand), 

* 0 ■ affactlva apartura araa of optica (aa 2 ), 

f • focal langth of optica (cm) , 

• radUnca, affactlva to datactor, of (V/cn 2 , stand. ), 

- •aocaodad araa of targat (cm 2 ), 

— 2 

* avaraga radUnca of backgrouad (V /cm , stand.)! 

■ maximum daviatloa from avaraga rad La oca of background 
(V/cm 2 . stand.)! 

1 • ranga to targat aod background (cm), 
t • affactlva tranonisaioa of path, 

than, wban tha flald of vlaw is datarmlnad by tba datactor! tha F«ak affactlva 
pw«r from tbs targat on tha dstsctor (l.a., tba diffaraoca In povar with and 
without tha targat la tha f.o.v.>! ? T is 


. V"T 


Ibis povar has to compata la producing t usaful signal, with tha offact of 
tha fluctuating ccmponant of tha background- -adut loo. Tha total povar am 
tha datactor, from this caar»«aat,lf| is 


Af. ■ t A rtS 

• o 
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' Kowrrri 


"n ( 

o the mv* tom of AP g -* which mmy be eh* ruultut of two 

components: (1) eventual teaporal variations of tho background- 
radiation and (2) tlae-varylng radiation on the da t actor which 
arlaca from scanning acroas epctUl gradient a of tho background — 
o tho algnal bandwidth, and, 


o tho daalrad accuracy of the aaaaur«Mnt (axpraaaad, for lnatanca, 
In felae-alarm-rete), 

but a fraction ■ of AFj will ba affaetlva and thla auat not ba larger than F^. 
Consequently, the target can ba detected, If ? T £ ■ APj or. 


N ( VV S ** 2m M (l) 

Iquation (1) above that, for a quant itat lea determiner 1« of the background 
ef facta, pertinent character Utica of background-radiation (because of AV^) 
and tho a pacification of tho da tact Ion -equipment (because of m) net ba 
known. Without Lhasa only qualitative treatment, an follows, can be given. 
7.6.3. Qualitative ^i7IIT~" r ‘ 

The lower limit of target-radiation, given in Iquation Cl), and/or 
allowable upper limit of nAM^ will have different levels in the fire -da taction 
end wake -dot net ion, respectively. 

U case of flrt-dotoctlon, one haa to find a "point" as largo as a 
resolution element, U a two-dimensional asso^ly of a vary largo ni^er of 
pict urs-* laments . Or, ooe nas to have an even higher signal whan an inetaa- 
taaaoua automatic Indication of the event of having e target detected, U a 
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iclo will haw* to 





requirement. Consequently, th* signal to llnttlng-noli 

i ba relatively high In bot’a cases. All tha algna available at present Indicate 

that eiifftrlentiy high elgnal to noise ratio can be obtained. (Sea 7.2 and 
7.3). 

In case of veke-da tact Ion, one has to find a "line" la a picture. In 
contrast to a point in “h* previous case, a line has a unique shape chat 
great Ip facilitates dlserladpatloa fran background ("pattern recognition"). 
There night be eaaee utian a line la so unique relative to the background- 
structure that recognition Is possible at an unusually low tigaal-eo-llsltiag 
noise ratio. Of courue, recognition at a very low signal* to- no iso ratio re- 
quires long tine (narrow bandwidth) for evaluation. An n Instantaneous” 
•utMstic racognitloi would probably required a much atrongar elgnal than a 
poet -real- tine aucoeatle recognition or chat demanded vlaual evaluation of a 
nap. This aap especially be the case at the present when the art of out one tic 

pettarn-reeognltloc. Is relatively undsrdeve loped, (gee Section 7.1). 

I 

7. 6. A. Conclusion 

Quantitative detend.net Ion of ehe effect of background noise on detect- 
ability requires daflnlta values of equipment parameters and opereclonel re- 
quirements which cannot be given at present. Prow qualitative consider at Iona 
It la as tins ted that no detrimental beekgrotnd-effeet should be expected in 
flre-detectlon through direct path with equipment of ■analtlvlty well within 
the capability of the art. (The effect of weather would be about the ease on 
target-signal aa well aa on signal from tha background.) In fire -da tact ion 
through indlrtct path and in weka-dataction, tha Sana expectation la much lees 
founded for lack of vital data. For this reason, especially, data on back- 
ground accessary for evaluating tha possibility of indirect detection end for 
trial detection aa ouggaatad la 7.3, 1* be obtained* 
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7.7 Choice of Detectu n 

k portion of this Contract Involved Judgment as te whether ewlsting 
equipment could be applied to the anti-guerilla detection problem. This sub- 
s action provides an example of son* of tha work dona. Oetector selection is 
discussed because the choice of the best detector for an It equipment is so 
art which depends, sort often than not, on poorly defined factors, whereas 
ocher elements of the iyit« are wore routinely defined, k brief tenant is 
given' hare on *) atatt-of-the-art in sing la* e lament detectors, end b) coa- 
fldencs in predicted performance of Imaging detectors. [An Appendix te Chla 
section illustrates detector selection and faaaibillty ettlmetae for equip- 
■ant us log existing coaponents, for line scanners, photography, end image 
or t hi. cone. The mrb<*r» employed for tsrgata and background are sammfhat old- 
fashioned and not particularly relevant to present thinking.] 

COWTEKTS | 

7.7.1 Contemporary Slog la-Kiamant Detectors 

7.7.2 Intarpretatlon of Predictions 

7.7.3 Summary 

7.7.4 Appendix: Illuacraclva Example (Feasibility of Iqulpmaoc Design) 

7.7.1 Contemporary Slnale- Element Detectors 

It is sufficient here to characterise detectors by sensitivity only. 
Figure 7.7.1a ebows tha most sensitive detector* available in limited regions 
of the spectrum between 0.3 end 13 microns. Figure 7.7.1b shews the eensielvlty 
of e large number of detectors responsive in the region 1.3 to 70 micron*, [it 
Is not Intended to discusa here all the date In the figures but merely to moke 
It available and not* that most of the detectors can be obtained, although not 








1 


i 



always Immediately. ] Not* that figure* cover quantum •« wall a* thermal 
dttMton; rh» qtiamw ri»t*rt 9 r* further include phot oral* five, photovoltaic, 
cod photoconduct lv« detector*. Theme), photoconduct Ive and photovoltaic 
detector* cen be ptoduetd to for* en errey or e mosaic. 

7.7.2 Interpretation of Prediction* Concertina Future lxPfg v ament of Vldlcone 

jama m hwion 

Thl* paragraph intend* to eu>piM*i*e cne oitiiculty ot eecineting tuture 
l*prry«Moc end, of interpreting the prcuicclone, without detailed data. TUI* 
difficulty can be typified by two quotation* a* follow* : 

1) '’Vldicoo for the apectral region fro* 1 alcrnn to 3 alcroo a can 
be expected to be aval lade by 1964, with an avaraae nolee 
equivalent power (NX?) of J x 10* 12 watte In unit bandwidth, par 
resolution element," of *ora than 3 x 10 3 elements. (Secret Data) 

(Ref. 7.7.1). 

2) "A *oet a ana id vc experimental Infrared photoconductlvo pick-up 
tube operating on the vldicoo principle with PbTa target (•encl- 
ave tree) he* en HIP of about 7 x 10* 11 watt* la 30 epe bandwidth, 
per reeolutlon element of 10* element*." (Confidential Bata) 

(Ref. 7.7.2). 

Converting this latter HIP velu* to a on* epe bandwidth, one obtain* (7 x 10* 11 )/ 
(30) l/2 1.2 x 10* 12 watte /resolution eleaent . Thus, e direct ccmparieon ot 

(7.7.1) Peeslv* Radiation Countermeasures Feasibility ftudloe, AT 04(494)00. 

Teak 11 Svammry Report, Pert 1, Hughes Aircraft Company, 12-31-41,(1). 

(7.7.2) IRIS, Vol. 5, Ho. 1 (Secret) p. 409, Confidential. 

*Hede prior to 1940. 
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1.2 » 10' 12 to 5 * 10* U «ualJ • »tn mii.ftwuv* prediction of 

U>fW«t . Howtvtr , by futthet convert lng--on th# btlll of UP 0 (area 
of resolution olesent)*'* *nd, on Lha beat* of identical target «r«il>*Cki 
IBP of tho future tub# to • (i * 10 5 > / ( 10 4 ) - 30 tine* Urger reeolutloa 
tU— ooo could Caspar* eh* early < .perisenttl cub* with ch« fuCur* tut# 
on • sort equal bo*it: 

UP * 1.2 * 10* * l cpe, co*. *1 «mqc 

exp. 

UP. „ ■ 3.3 x 10* U w*ct»/if - 1 epe, cat. elasent 

fuCur* 

Attuning now chot th* experiment* 1 tub# li_ Ch* on# Ch# prediction ha# 
beta bated upon (or, * lsl Ur prediction cap voile ly b# bated upon), oo# night 
arrlv# #c ch# coaclutloo chat high resolution It expactod to b# my hard to 
obtain. however, wh#th#r thit will b# correct or felt# It ant known. Con* 
parse ivc predlccioat concerning ch# performance of tutur# Cuba# require 
evaluation of all the p#rtlo#nt factor* involved. 

7.7.3 

A Urge variety of highly developed » tag 1* -element datectort ar# 
obtainabl#. Special array# or noeeict can b# con*trucc#d. 

Th# avmlUblllty of It lntg* tub##, how#v#r hat not b##n tunr#y#d to 
tba l#v#l n##d#d for high coafld#oc* in predict ico# regarding choir future 
par fo nunc#. Prediction* given in ch# current literature tr# of doubtful 
validity. 

7.7.4 Appendix; Illuttrttlv* g«anpl#_ jj j >et actor Select 1« 

Turing the early phatet of the study, uelng the virtual calculation of 
the "canonic# 1" campfire, radiant power of the campfire wat itttatd to aaarge 



I 


froo Che Jungle *-ith a lcs* iUv.tu** oi various attenuating MCbuldi) 

of between 10 6 and 10 *. Estimates bufed on chat* Halts wars msdc at that 
tla* and art repeated here at Illustrative of the detector eelectlon process 
even though present chinking ukti then somewhat irrelevant. The calculations 
era for requirements lor airborne detection of a point t«*get whose radiant 
P**** P Q , i* 10 3 watts /eteredien, with a 2400°* blachbody spectral dlstrlbu- 
Cion. Line scanners, photographs, and image orth icons ware axaaioed. 

7,7,4. 1 Line-Scanner 


0^ • fraction t* in the spectral region of 
detection AX, 

t^» ellectlve transmittance of atmospheric path 
in the epectrel reglm AX, 
tj • "transmission" of the Jungle. I 

then .he power-density from the target, at the aperture, (P.D. ) Jf is 


(P.D.) - <w.c’ 2 ) 

r 


vhan a Lambertian spatial distribution of (c.SP ) ie asataed. 

J o 

In addition to the signal, radiation due to natural lllunlna- 
tloa on the top of the jungle, will also fall on the aperture*. When this 


because of the speccrsl region considered here, the thermal radiation 
of the jungle-top is negligible. 
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llliainatlon la 1 (v . ) and the diffuse reflectivity of foliage la 
theo-*ln a field of view of *i »t aradlane- -the average power-density fron 
background- radiation, (P.2.) i> 


t.^o .I,,:'. 

(?.D.) b ■ ~ - (W.ta *) 


Ae the average “effvttlve reflecting area" verlee with field 
f * w i ( p,l) *^g w1 ^ h * v * * aoduiated component Leceuae the background le 
being scanned. Denoting with a the ratio of the rms nodulated component over 
the average power-density, then the raa background -noise, N_ ie 


rxam Equation (1) and (3), the signal* co-background nolee 


The naxlaua value a can taka is 0.7 whan "fully reflectlr* 
area*" subtended by the field of view and areas "not reflecting at all," are 
considered alternating ly acanned to th*e a alnuaoldal tine-variation of the 
pater-density results. (A alnlata value of a we could consider here, is 
perhaps not such less chan 0.05 which would prevail if the average reflecting 
arte subtended by the flsld of view vailed by the peak enount of ± 7 (ft . ) 

The spectrally dependent quantities In Equation (4) are 0,0 
and 1 and, the choice of spectral-region of detection should obviously be 


governed tv the quantity jf ^ &vt«u«c uf •Sviecioi limitation* only 
three spectral regions are reasonable, these are shown La low, together with 
the spectrally dependent quantities: 


ax 

0.4-u * 0.7u 

0. 7,j - 1 . l u 

0.9u • 2. 

e 

0.02 

0. 14 

0.64 


- - ■■ ■ - X 

1.00 

0.56 

0. 76 

0.* . 0.7 

8 

0.20 

0. 33 

0. 10 


0. 10 

0.69 

6.4 

y a . 


1.00 

6.9 

8.4 


0.4 - 0.7 


In calculating the values of 1^, a 60OO°K black-body 
spectral distribution 7ti asstaed. Furthermore, the veluee of p art “typical** 
values based on the diffuse reflectance of tulle leaves et “the wavelengths 
of main* energy", (Kef. 7.7.2) (sic) follows: 0.22 et 0.6u, 0.36 et 0.93u 

and, 0.056 at 4.4*., Consequently, Out effective value of 0 • 0.33 In the 
region between 0.7 end 1.1 microns is pertupe the cost roe liar lc; In contraet, 
the values for the two ocher rsgions might be in error by £ SOX or aore. Of 
course, differences betweer the reflectance of tulip leave# and average Jungle- 
foliage are not known. To be conservative, since the validity of theaa niiap- 
tiona ta questionable, the entire erea subtended by the field of view, la taken 
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Handbook of Chemistry end Phyolcs. 


* yw# 




to bo reflecting, olthoush cnly i fraction of cho am la expected to bo n- 

£U;:ir. S . 

At a atont ranfr of 0 - 1 km and with Ig ^ 0 7* *•**”* 

(half »ooo 40° above horlaon), t ^ • 10 * and • ■ 0.35, wo got, froa Equation 
(4) tba following value* of U: 


r #5 


2.32 x 10 ' 


With thcaa la hand tha t ha fact at latlca of tho detection* 
equipment cad bo defined: 

2 

With an affactlva aptrlui* aru of k^ ■ — j- ca (D » diameter), 
and with a semiconductor detector of ana 4^ cm 2 , tha following identity oust 

bo fulfilled wfaon a eigne 1 to dotoctor nolao ratio of ~ la required: 

2 " 

. (P.D, )j a (HEP) . ~ . Froa bora, with Equation (1), and with 

"d 


*1/2 

NIf 0* D* *1SP 


4 a 2 kl' 7 i 

i) vo * 

f o* W 


‘u'jfeV 




(5) 


op 


V - ground spccJ of aircraft in ka/'aac 
H • flight-altitude In kn t and 


a • total scan-angle In radiant. 


Tha tquara of tha required focal ltngt.li, f It 


Pron Equation* (5) and (6) 


ane 1 with valuta of 


*i <?> • 


V ■ 120 km'hr • 3. 34 * 10 km/aac 


c • 2 radiant 


nl« - . - .n -3 — S 


3.1 x 10 cm in an F/1.23 ayatam (D • 0.9f). 


Ont than obtaint 


*i /2 • 0.9 x 10* 1 cm (0.9 — ) f tl fl • 0.3 x 10'' 

0.7 • 1.1 I 


f • 19. G cm, D • lb, 4 cm (3.7 Inch* a ) I f • 10 oa, 0 - 11.4 


walng PbS dattctor for cht aptctral rag ion batwaan 0.9 and 


Pm* 



2.5 alcw..* (D* • i % 10 1W , j) - 0.64) A 1 ' * t|> « 14 i 5.8 a JO** ca - 0.11 cm . 

Thus, tvrti it a JetKf ji •• aaell ss 0. 1 am x 0,1 am Is 

«td, th* required ty) u <ji • 0. 14 « 5.8 x 10* 2 * 81. 0< , 

D 

J • 9, which const itutes « nun-feasible iy»lw! Conversely, 
h«#»y#r ( an M system would require 0.81 ca squire detector and t • 162 ca 
which Is an loprsct l:abl« Use . When the PbS detector Is Cwoled to ths 
tcaperatuU of dry-ice, D* * 2 « Id 1 ’ and, 

* l/2 • 2.2 a 5.3 * 10 2 ca • 1.27 x 10* * ca 

2 

Thus, a 0.5 a x 0.5 as detector required (^) ■ 2.2 x 3,6 x 0.5 x 1C* x 10* 3 • 

63.1 x 10 2 or ^ • 0.8: t • 10 ca aad D ■ 6 ca or, 1.7 ■ « 1,7 h detector 

could be used In en f • 10 ca, F/0.86 system. 

Consequently, e successful detection con be expected of practical 
else equipment us Inf 31 £r cooled PbS detectors. 

7. 7.4,2 For photographic detection, we should require that tha density 
of the flla caused by the radiation froa the fire, be n-tlaes the fog- level 
of the aost dense portion of the background. So, at a fof level density of 
Dy, the fo 1 lowing identity oust be fulfilled: 

*>,.10.^ 

hare T # * transaistion of flla occupied by target. 

T| * transmission of flla occupied by Che brightest « lament of tho 
background. 
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j- 


y log E , wlieti* i * •iyu*yr» vi » ii 


I 


I 


film and, y • 


' C 3 T 

dD 


u log 


T ft # I D. 

— r.nn(*qM«Mi> lv i"j — • j let and, log ■ n “ . O) 

fc a *1 *1 7 


lo order to evaluate Equation (1), wa suae know tha power* 
density of th# target ’• Imji and oi the brightest be ckf round** lament '■ Image* 

Ue can determine this ee follow*: 

If th« target subtend*, at the aperture, th* eolld angle and 
th* backgrounds lament tube end* <nan th* image sue of th* target le 

f“*j and th# Image elie of th# background element la f 2 ^ when f la th* focal 
length of the optica. 

When the terget radiates F # watt* /ettrad, then the power -dene It 7 
from th» target at th* aperture, (F.D.) # , 1 * 


r ^ 

(P-D.) • -4 (w.cm ) and, 
* I 


rhr ?ow«r* density In th* !•**. or *r.« target, E* i* 

f 2 •*. * r , r 

• ( v n~ * "i — 2 " tw/ew > 

* r 4ft .raj f \4ft t*j 


(2) 


There, F • | (focal tatlo of optics) with D • effective aperture diameter In cm. 


Similarly, tha po«er-d*nelty in tha Image of tho background* 


•lament, t ' le 


*; • U -f- (w/em 2 ) 

• 1 


( 3 ) 


where I_ la tha radiance of tha background -a lament in w.ca 2 stared 2 


.#38(1 


9mm 4MB 


i 


Consequent ly , 


l 





<*) 


AsstBiog Ih4t “ iO ft (tend. ( 1 m ^ subtended im at a 

• 4 

range of 1 la) and, with the ^rtvliMlty ussd values of Cj ■ 10 # I o 4 . o 7 
10 * 7 w.cn * 2 0 • 0.22 and 0 • 2 x U'* 2 , we get • 4.5. 


Thus, rroc Equation ( 1 ), n • 5, wnsn the flla is diviloftd to a 7 • 0.7 and 

Op • 0.15. I’sln# a flu: with a spsea of ASA * 400, the required exposure to 
reach chs linear portion of ths dep-'ty vs. log exposure curve at 7 * 0.7, is 

ggg » 10 * 1 aettr*candle *tecond • 1.47 x 1C * 8 watt sec us * 2 , Consequently, 


(roe Equation (2) the required exposure* elate, T is 


T • 1.67 x 10* 


seconds ■ 5.9 x F 2 x 10 * 2 seconds. 


Xu vtwei 10 fully uefiue the optical syita first the mage* 
site has to be specified. Vhsn this is set to equal 100 reenlutlon-elSBante 
and the result.. i» ZZ liis pult yet >ae, the laags-sist of tba targst, 

1 10 * c« 2 . Than with • 10* B , f • 10 co. 

Ar an »j>erturs disaster of 3 cn, F ■ 2 and tha 

exposure fits* T • 0.24 sat. 


At a flsld of view of 45° square, and, at an aircraft* 
velocity of SCO kn/nr, 100 k»* can be iui««yia in one hour. The required 
longs -not Ion* compensation is about 5 w/sec. 

Any aea 


0.4 . 0.7 * 


wh#r* S - ASA speed of If. fjh ^ 0.35 x S Thu, T > T 

U 0.*t • 0.7 inu, > x jl X 0.A - 0.7 

cpuld b« expected. (We do not five here a nuaerlcal value for because 

P Ifc bo* not been determined). 

7. 7.4. 3 With «□ Image Qrthlcon . an image- illumination of 6 x 10" 8 

. -2 

u,c ® v * u *»• *oow With « eiioei-co-noiee ratio of about 26 when the pro* 
amplifier'* noiae la 2 x 10‘ 9 ampere In a 3 MC bandwidth fee* "Survey end 
I valuation of Phcnoaau and Technique* In the Ultraviolet, Vlaible and Sub* 
•llll*otar Region for Application to Detection and Ascrosurvel lienee" Geo* 
phytic a Corporation of America, Bedford, Mae*. AP 19(604)-7412. Final Report 
Part l, p. 276. Unclassified, 1 July 1961 ]. 

A* was previously found, this level of illumination would 
prevail 1 m eu *72 ayatan. Conaequentiy, a signal to noli* ratio of 10 can 
be had in an f/3.3 system, a high enough value to permit the readout of a 
single resolution-element. However, the 45° square field «f view specified 

A § * 1 

for photographic detection, must be decreased by e factor of 10® x (2 x l(r) 

5 assuming that the image orthlcoo has 2 x 10 5 resolution elements. (For 
photographic detection, 10 5 resolution elements end a target- limga of 100 
resolution elements were specified.) Thus, image orthicon permits. In 1/60 
sac (real time) ;.he surveillance of one fifth of the area that it la possible 
to record by the photographic eethod with 1/4 of e second exposure-time. 
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Realization of higltei gt thicon surveillance races, however , 
vo>>ld require the eumltaneous us a of, for ins cane a t two caaeras to cover 36° 
lateral field and, an Increase of the flight-speed by a factor of about 4.4. 

4 distinct advantage of the laage orthlcon is that it allows a readout In 
real clue. Moreover, there any be ease advantage in that personnel around 
the campfire would, perhaps, be less concerned over passage of high apeed 
aircraft. 

On the btsis of such initial estimates it was concluded that 
a good possibility s eased to exist of detecting the radiant power fraa 
2400°K campfires at wavelengths chan about 2 talcrons at night when the 

natural i Urination was not wore than chat froa a half soon at high eleva- 
tion. Any of four equipments ; 

Television caaera with Image orthlcon; 

Photographic catsera with panchromatic fila; 

Line-scanner with Si detector; or 

Line-ecanner with cooled PbS detector; 
alght be eaployed. 







Only a aodtit seount of effort has boon devoted tv r~i ». epplUetiuus 
U tbit study. this happened for two riMoru: first, A&PA planned a full 

daman ' — of the capabilities of service equipment, to bo followed by 

« « 79 ss;a, vita a-£*equent program ploonlnt; oecmd, many proposals fro* 
industry wors sxpected aed l: .11 planned to critique ehoso la tho study. 
Tbo Mold demonstration wss sot up several Class but aovor actually caao 
off. Only one proposal (W3S) was forwarded for eonmmnt. Whether others 
were received la not knon. 

la this Section sooe eoaeants arc given on entl-persmmel radars, A 
critique of tho PASS proposal and a suggested experimental program is 
outlined (81). A auggeer^d approach te the u»e of radar against ambushes, 
and comcrats on sapping with radar, ara given In ($.2). 
con cm 

6.1 Personnel Detection 

g.1.1 Servlet Equipment 

6.1.2 PASS Proposal 

8.1.2 Critique and Suggested Program 
$.2 Other Applications 

6.2.1 Aatl-Aabusb Padar 

8.2.1. 1 Cenaral 

8.2. 1.2 Conventional Mil Probicws 

8.2. 1.3 Pulse-Modulated Doppler Techniques 


i 
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CflffEtflS (Continued) 


6 . I.l.A 1U Jar Parameter* 


c.i.2 Udir Happing 


8.1. Ptrionntl Detection 


8.1.1. Service Pqulpocnt 


Currant military combat surveillance radar through 1959 ara 
dlacuaaad In a special DDiAZ memorandum (raf. 8.1) of chiaf Interest 
la the AH/TPS -4 (Silent Sentry) antl*peraonnal radar whose character- 
istics are given in Table 8.1.1 below: 

TABLE 8.1.1 Characteristics of All 


Lightweight, portable pulsa doppler (Silent Sentry) 

tangs Personnel -1500 b. vehU lea -5000a. 


5000 

non -coherent 

nan. in range hit A alev. 
900 to 600 Biles 


Wgt 

Transport 
Primary Power 


115# 

Manpack 2 aan 
125 watts 


8.1 Weinstein. A. at el (U) Pttt Electronic Programs Concerned with 
Combat Surveillance 17 Harcii >960 
DOttf Heaorandua (Klactronics) Sac . 


SSBF* 




: il 


A ‘UsndheTd" snr t-pers^nd radar 1» being developed at tv ana 
Signal Laboratory (contact!: Harold Tata; Victor L. Fredericks). 

Tba AM/TFS-4 li being tasted In the Far East. The first taat 
(raf. 3.1) was unsatisfactory, resulting in no personnel detection. The 
results of subsequent testing are not known to the Contractor. 

Since a light 'portable radar would be useful for protection of 
peiiwls, and in setting aabushe* it la auggeated that if, as If fairly 
likely, current T. 0. & E. equipments ars not satisfactory for one reason 
or another, considered# effort be expended to design and procure satis* 
faclor> «s-4— 

Tbs AH /MTS -29 radar (ref. 0.2; is an experimental, vehicular 
transported, ground surveillance radar designed for hlgb*resolutlon visual 
display of ground targets at short ranges. There Is an operation van, 
Mtwsi trailer and power unit trailer but this Is because no attempt was 
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to reduce else and weight given in Table 6.1.2 below: 
Table 8-1.2 Characteristics AM/KFS-29 
E lectrical Characteristics 
Frequency 
Pulse Length 
Fssk power 

Pulse repetition frequency 
Wave length 


209 volts, three-phase 
100 eye las /sec 


0.0S microsecond 
15 Em 
9,990 cps 
4.3 mi 
12 Kv-a 


20 volts, DC 


Max load 0.5 Ev 


(U) Evaluation of Concepts and Techniques of AI/HF>*29 
U.9. A nsy Infantry Board, Ft. Banning June 1961 (Conf.) 
(AD 326 63^) 


m 


***** ssi 


Table 8.1.* awcuruitci AM/HTS-29 (Continued) 


Resolution Characteristic* 



4>l*»jth b«n vldrh 


0 2° 0.5 alia) 

Eleven <w brew width 


0.3° (3.3 alia) 

Scan rata 


20/acana/aecond normal 
40/acana/aec capability 

Scan sector 


30° (130 bean width) or 
534 alia 




Antanna tain (including 


54.7 db 

loilN) 



Antenna loaaaa 


2.3 db max 

Have guide loaaaa 


0.4 db 

n>m (sl-24) 


4.4 db nax (2-way) 

Transmitter (11*221) 


0.3 kw 

lac elver noiae figure 



(fblico 18 db L-5306 
cryatals a 4 db 17 
1.7. , QK-369 Klystron) 



Otner Characteristics 



Elevation angle 


+ nilr fron horlsontal 

Jum .«•»• atavionary targeca 

could orly be detected la the 

eaarch light nade. Moving target a were 

located and Identified reliably 

at the following range a: 



Target 


lance (Metera^, 


Maxima 

i Minima 

Truck, 1/4 ton 

4200 

30 

Squad , moving 

2000 

30 

One nan, running 

1200 

30 

One nan, walking 

1000 

50 

One men , crawling 

Undetected 
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The tire trom tlai trajectory end high angle fire weapon*, excluding 



defined, leading to a preliminary design of the system. 

A proposed accelerated development schedule envisaged system 
integration propagation experiments, equipment design, assembly component 
tests, aircraft mod if lcatlona, installation, and flight teats carried on 
concurrently In the first twelve months la an essentially "bul Id «• It -and -try - 
It* 4 program. Operations 1 casts, on thla schedule, would have begun la the 
fourteenth month end have been concluded In the eighteenth month. 


•With proposers' permission this proposal was forwarded to DIG for evaluation. 

8.2 PASS Technical Proposal A-l 33/CAA-63A Automatic and Conductron 
Corporations 14 December 1961 


9.1.9. Critli 


te* tjd ProtTM 



j. Xt#*4 sic assisted to be coni ined to cingie resolution 
e (fines (3X5 Mtiri). Beuuii the tree*, as aeen by 
the reds?, ar» extended in range, end because chare le 
rwl tlole scatter (particularly with the ground) the effects 
of a large tree can be observed in a large nuaber of resolution 
element* . 

i. Accuracy with which aircraft velocity aw*t be H'n/n le 

said to ba i* moteis/sec. During the aatabllshaient of the 
aperture, the ground can •‘movs " iw aeteie will, twepect to Its 
assumed location. [Tha affect cl this co-id net be explained 
by the Conductron people at the May 7 seating. J 
5. The problem of detecting moving targets was not satlsfact* 
orlly covered. Walking nan can ba expacced to move through 
a few resolution call; during observation. 

$. The problem of clutter morion between looks (wind, etc.) and 
tha effect of multiple scattering on the reeulte when flight 
paths srs not repeated precisely Is not covered adequately, 
ii-oy other points in the PASS proposal could be argued, but these 
depend so much or. factors basically unknown that tha ergunents would ba 
semantic. For example, while on# night taka exception to false elans and 
detection probabilities sesMSd to be useful for gaining information, the 
great uncertainty as to the echievablllty of any useful coMinaticn cc 
false alarm and detection probabilities wculd render any argument sterile. 
Any derailed concern abort map match' f\g ( etc. , seems premature. 
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The suggested Initial program involved: 


c. An experiment vheiein attenuation uf transmission from on 

l 

elevated p let fora (ewer or cliff) to a receiver on Che 
ground in the Jungle li measured. A re«»uuably large 
elevation angle (''15°) would be desirable to avoid having 
1 to penetrate too much Jungle. 

b. Comparable measurements with other types of vegetation. 

c. Measurements of jungle cn^onents (trees, branches, ate.) 
on existing ranges. If feasible. 

d. Using results of a, h, and c , to estimate the magnitude of 
the multiple scattering problem. 

e. Study of special and temporal clutter variations. 

f. Dses collection on the nature of tha target, whet he carries, 
how he moves, etc. 

g. Construction of representative models of the target and back- 
ground and maasuremant of, radar obsarvatlona of targat and 
background separately and together. 

It vaa also suggested that, since guerillas were to be found In 
many environments other chan denso Jungle, 

b. Existing side-looking equipment should be employed, concurrently 
with above program against suitable targets In less troublesome 
and well-known envlrottaents, with progressive Increases In 
difficulty of the detection problem until existing equipments 
felled to perform. 


4.0 


I 


finally. daptadlng on tha out com of tha actlvltlas dtacrlbad, 

It mi suggastad that. 

i. A tttdy ihwwld ha nods to dstarwioa If Chora Is a detection 
•ad ^roctniai eachalgua nMeh la optional lot daoling with 
tha taraac and cluttar nodala davalopad. 

J. If tha m a w to I.) was afftmatlva, than, dsrsndlng on tha 


situation at t.ta tins and tha < 


dswalopnant prof ran ahowld ha atartad. 

1.2. Othar Application* 

Cons idar lag loaa of tha altuatlooa daacrihad in 2.3., it aaana rsaaon- 
ah la to lagulrs whachar radar can ha uaaful in anhuah aituationa, in outpost 
procartUfi, afalnat (round -lira at haliceptara and airplanes, and in dotaetlng 
traila and corridors (hands of lowsr (round -ecvar density) undar danaa canopy. 
Tha first thraa poaalhilitiaa era diacuaaad under tha (anaral haodlng of anti- 
smash radar (1.2.1) and tha lattar undar tha handing of radar napping (9.2.2). 
9.2.1. Aati-amuah ladar 
9. 2. 1.1. Oanaral 

Tha haalc notion la to mho aval labia aoablnod radar and 
f Ira «4 tract tag agulpnant which would fulfill tha tactical rs^uirsnsnt (to 
flra hock quickly and accurataly whan mhuabad) diacuaaad la faction 2. 

Thla la particularly auggaatod for road convoys and halicoptars, oad possibly 
foe law-fly laa alrplaaaa and avan for trains. It la probably only snollcsbls 
to au4h conditions uhon thars is sons opan space barwasn tha anbuahad group 
and tha sowrea of ftro. Tbo problon has boon traatad in tarns of riflo firs, 
which inciudta tna lass difficult casa of autonatlc vaapona fira and sons 




dii«it«»ion of n^rtar tracking* ha* also boon given. Mo attention baa been 
give. : v tha daalg;-. *f eh# f;i«-Jite«.lt»ia uquipnaiiL nut (9 detailed p rob lane 
of design of equipeent (or alrborna uaa. 

The aajor advantage of using radar In a situation of 
anbush la cha speed and accuracy with which tha aourct of flra can ba 
located. Vclvar can ba scanned aany data faatar than by aye, for example, 
ana the radar detects the bullet which la always praaant rather than cha 
eaoke or flaah or the actual |un. each of which can deliberately ba made 
difficult to detect. T*e radar la alao capable of ringing accuracies such 
greater than the unaided eye and coaparable with that of range flndara. 

'The radar additionally could detect the counttrflre and chut aerve aa a 
aubetltutt for a apotttr in lone altuaclona. for thoaa weep on a not controlled 
by tha radar. * 

8.2. 1.2. Problem* of Conventional KTI 

If the bullet aa an isolated target wart sll that the 
radar had to worry about, tha problen would ba relatively easy, aa nay ba 
seen Iron aoae simple calculation#. Aa an example, consular an X-ba&i radar 
(•. ■ 3.2 ca) with a J ft. diameter dish antenna for detecting a .20 cal. 
b-illet at a range of one half nautical alia. If tha bullet Is approximated 
by a 0. JO** diameter sphere, than cha ratio of radius to wavelength (a/X) Is 
ah cut 0.1 and for a/o 0. 1 a radar cross-section approximately equal to tho 
projactod area, »r about 0.00069 sq. ft. aey be aeatmaed. Tho antonna hae 
aa area of 7.1 sq. ft., and at 601 aperture efficiency tha affactlva area 
is t.2S »q. ft. , with s gain at X • 3.2 cm of 3270. Tho attenuation between 
transalttar and target la thatafwra; 

•Martar locators have bean In existence a long time and currant models 
nay ba satisfactory . (Sparry KPQ* 10-[ 1932 ]) 



or • 152.6 db 



I 

A conventional search radar , u«ing 1,0 alcroaecood pulses, requires • 
received sign*! of about 123 db below 1 watt to detect a target; thus, 
the assumed radar needs only 1 kilowatt peak pulse* fp detect the bullet 
at 1/2 ail* range - Increasing the range would, M f course, Increase the 
peak power requirements In accordance with R**, but Increasing the pulse 
length or increasing the target cross-section t*.g. , considering 20 me 
cannon pr^Js^'Mea) V |ll reduce the requirements. Obviously, if rtde .7 
receiver noise vers the only problem, radar requirements for detecting e 

bullet ere not excessive. 

I 

Unfortunately , 1:, the ambush situation, the source of the bullet 
la cone salad, if at ill possible, using ell available terrain features. 
Lather than canpacing against receiver noise, the radar return from the 

| 

bullet is co^ lately masUvd by echoes from the surrounding terrain, which 
zaj be it* above the echo strength of the bullet. Conventional KTI 

j techniques, wtucr. ruy provide up to 40 db aub-clutter visibility, Just don't 

' provide enough performance to do the Job. 

3.2. 1.3. hits* -modulated Doppler Techniques 

During the early 1940's quite an effort wee expended 
! analysing end investigating C-W radar techniques. In spite of the obvious 

advantages of ease of discrimination between moving and fixed target* end 
capability of diract velocity measurement, rh« C-W radar suffered from 
I am Inability to determine range or to handle multiple target Simultaneously 

•See, fir example, Ridenour, "Rader System Engineering", Vol. I, KIT 
Radiation Lab Ssrles, fcCrsw-Blll, p.154. 




vt th.-Jt difficulty, Severs 1 . sjdalitljn technique* wtre Investigated to 
co*fcat che«a oifflcultles . and on* of rh« wo 1 c successful waa cho uaa of 

i* 

o©-off keying. The technique waa described aa pulse -module Cion of a 
Jufplar ayste*. rather than a system of processing dopplar information 
fi^aa a pulse ay a. am- Fundamentally, tha method cradaa tha «aaa of target 
resolution of a pulse SfTX iy»tw for tha opportunity to design flltara 
wuch auprais undesjred ground clutter In a near optimum fashion 

The one modal of a pu lea -modulated dopplar ayatom 
brought to a proiuct ataga demonstrated a reduction of ground clutter 
in excess oi ii cb Operating with a aingla target It waa able to deter- 
mine range to about It of maximum, but It generated a coafuaed display 
vhen there waa more than ona target In tha beam aimultaneoualy. It 
suffered, coo, from tha 1940 state -of -tha -art with respect to crystal 
controlled mlcrcwave sources. Since there ware very faw situations In 
j 1945 where tha KTT -y steers * ! J «nt prove aatlafactory (an aircraft In 

i 

eat aountalnoua terrain waa tha outstanding exception) and tines 
range resolution became Increasingly Important lu aircraft detection and 
tracking, tha pulse dopplar systems ware not pursued. 

The bullet from safcush, however, present a a situation 
q.itc analogous to that for which tha pulse dopplar showed outstanding 
capability. Usually, there mill be one to, at most, a few targets present 
elailtaneoua ly in the antenna beam, but tha ratio of clutter to target 
signal strength will be extremely high* The stst»of -tha-srt regarding 
techniques for generating crystal -controlled microwave power has come of 
age with the advent of translators, varactor multipliers and traveling 

** op ett . , pp 150 et seq. 



WV* amplifier*. That, it appear* that serious consideration should b* 


I 


I 


I 


gl van to possible application of these techniques. 

A bullet traveling it I30C ft /see will generate a 
doppler frequency of 40 kilocycles when the carrier frequency is 9400 me 
(• *3.2 cm) . At this carrier frequency the repetition rate should 
preferably be pieced above the dnppler frequency to eliminate velocity 
deed sene*., st perhaps 30-40 kc to produce an uneablguoue range of 4 1.6 - 
1.) alles. Any higher carrier would result in either too abort an unam- 
biguous range ot would have e velocity dead tone that sight be trouble- 
sobs. On the other hand, if a lower carrier frequency were chosen the 
a/\ for s rifle bullet would lie below 0.1 and in the region of Bayleigh 
scattering where the radar cross-section bacons* such smeller than the 
projected etea. The decreased carrier would, therefore, increase the 
passer requirements as well as Increasing the antenna area required for 
a given antenna gain. Thus, the Initial estimate of X-band utility 
appears justified. It may be noted In passing that a vary high antenna 
scan rata may be employed with the aa lac ted high repetition rata without 
unduly increasing c h* scanning noise. Preliminary calculations Indicate 
that scan rates ss high ss severs l hundred degrees per see and can bs 
reployed without unduly cot*>l testing the problem of rejecting ground 
clutter while still passing the sovlrg target. 

The requirement for crystal controlled microwave power 
at X-band can be oat with a coofelnatlca of solid state amplifiers and 
•■ultipllers, with a traveling wave tube or klystron for a final sapliflsr. 
For emails, a 5.8 me crystal controlled translator oscillator can ba 
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followed by three trlplert end e power amplifier ;o provide 10 watts at 
i56 6 me. This power drives e chain of varactor mltlpllera consisting 
of a triple?, two doublers, and a quintupler which generate successively 
i waits at <>70 me. . 1 watt at 940 me. . 0.3 watts at 1880 me. , end 30 aw 
at 9400 me. The power output from the multiplier chain is sufficient to 
drive a traveling wave or -tiyatrvn tube which will produce the 3 kw final 
pewer output. 

A long persistence TPI, possibly incorporating a storage 
tune for longer persistence is suggested for visual display arxi possible 
manual override of the fire director. In operation, either the entire 
asfJBtth or the suspected aarnuth sector could ba examined by the radar. 
Although on any particular scan only a portion of the trajectory of a 
bullet night be observed, the observation of several successive traject* 
dries could establish the maximum range sc which a bullet was observed 
and the ax im»th at which this range occured, thus indicating the location 
of the origin of fire. 

Another feature that would probably ba of great utility 
in this radar is "Mooupulse Aesolutlon Improvement", wherln a oonopulse 
(similtsneous lobe eo^>erl*on) antenna feed arri circuitry era arranged 
so that, on the display, an echo is displaced in axinuth by an amount 
aqrual to the measured axinuth error at the time the echo la received. 
Although of United usefulness in a situation where many targets are 
present, the MI feature here should provide a crisper, sharper display 
which a 1 lews the target sxlwth to be erssurad more quickly end accurately. 
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of th* rtdar la certainly ample for detecting eh* aoror *h« 1 1 In flight, 
«n4 the possibility of an additional operational aodi should be seriously 
considered . 

Th* ss*s radar could be constructed to detect aortsr 
(ire by providing complete cracking capability for the antenna. If 
necesaary, the doppler feature could be switched off, or et lesst Modified 
to allow lower velocity targets to b« delected. The antenna beaa could 
be eleveted to reduce the ground clutter, end then set to ecerch rapidly 
Ir. aslauch until a aortar shell la dstseted. Ths beaa would then br 
pointed et the correct ettauth, end errenged to track automatically the 
nest shell that passed through the hea*. rrom the trajectory as determined 
by the track, the point of *rlgi.. of the shell could then be located, 

8, 2. 1. 3. S-w«»-y 

j The preceding prellainary analysis has served to 
Indicate an area of radar art thee could prove highly useful In certain 
specialised coabar situations. However, additional analysis is required 
to demonstrate the value of the suggested approach, The prellainary 
system characteristics outlined above, for example, provide a bllrd 
sp*ed of about 31UO ft/sac and a blind range of 9600 ft. 

Cither of these aey be raised end the other lowered by 
changing the repetition rate, but to raise both will require lowering the 
carrier frequency end sacrificing radar perforaance on bullets .30 cal and 
aaallcr. Yet when it Is considered chat 150 gr. .30 eal bullets are aoaa- 
tlaea fired with aussle velocities as high ee 3300 ft/eee, end that the 
3 7 * end 7 5 ■» rrroilJrfj rifles 3 . *4 effective el teiigva up 2 miles, 


1 
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it obvious :r>at At least ij» changes in tha preliminary specifications 
•!>ould b« considered. It la loportant . therefore, that the entire spectrum 
e?f : e**fd «4uii be examined thoroughly la order chat the compromises In 
performance are thoroughly understood. However, it la expected that 
reasonable compromises can be obtained upon detailed examination of the 
i-robiea. 

Dat.«i »iv# H;»re "iwit be obtained regaidlua the mignicude 
of clutter expected under the anticipated operating conditions, and tha 
magnitude and frequency of the scanning noise expected under the conditions 
of high repetition rate and high speed scanning. Although the calculation! 
indicate that this should be nc problem, experimental confirmation la 
required. 

It la possible that similar techniques *c those dis- 
cussed above could be applied to the problem of locating tha sources of 
fire fren an aircraft or helicopter. Hare again, tha use of pulaa dopplar 
with Its loot duty cycle, and tha greet difference of dopplar frequency 
between tha bullet to be detected end the background clutter may allow 
tha design of circuitry to provide tha necessary sub-clutter visibility. 

Tha use of the coving platform for mounting th# radar suggests, however, 
thee non-coherent rather than coherent detection techniques be considered. 
However, trem a helicopter even these might not ba necessary. Before a 
final decision can be made, experiments J data should be obtained. Perhaps 
the best approach to determine the ultlMte applicability of radar to 
tna co^at situations under discussion la the construction of a bread- 
v o«rd set along the lines l~f!r»t*d her# whersi,'. the characteristics of 

j&.. / 
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ih« clutter rejection filter* cen be varied, the system can be operated 

coherently v r wt-voltateniiy , ami ct»e equipment constructed email 
enough and light enough to be carried aboard ar airplane or helicopter 
during a portion of the teat program. A flight teat program can be 
dealgned both to obtain fundamental data which can be ured in final 
equipment design and to demonstrate feasibility of the bade concepts. 

I'd tjonariae. the higr. velocity of a outlet or shell 
provide* »n excellent opportunity to ua* the doppler fiequancy in 
distinguishing between the ana 11 echo of the desired target and the 
mich larger echo of the ‘.mdesirad background. By alloying a large 
duty cycle (0. I or greater) and sacrificing the ability of resolving 
closely apaceo target* and of processing and displaying many simultan- 
eous targets, It is po*dblt to ovarcoma the sub-clutter visibility 

• -“i" 5*1 of coaveuti.mil KTI circuitry. The use of the pulse doppler 
techniques almost csrtainlv offer • practical possibility for employment 
as a ground -Laaed radar system In the coabat situations under discussion, 

• =- ~«vt • p-c*«ifcie airborne application •« well, which bear further 
Investigation. 

• ’ 1. Radar Msppla.i 

As indicated in Section 2 and discussed in Section 7, a reasonable 
requirement for detectloo of anti -guerilla operation* would be for aerial 
location of trails under canopy, or density measurements from which could 
be deduced those regions (bends or corridors) characterised by the lowest 
density of ftgstiMoa (and hmice, presumably, the easiest routes for travel). 

♦'Treila" covers such large trails a* the Bo Chi Kinh. 
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Considerable attention hat bean devoted to terrain return In the 
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ie*t fev vtsrt . (ref 9-5 * ?.?' providing useful referenvet in addition 
to tne clastic work reported in Vol. >3 cf the Radiation Laboratory Series 
(ref. 8.10. ‘Jufoi 'unate ly . none ot Lhasa aourt.ee are particularly helpful 
in deciding whether trails, tor example. can ba detected under dense cower. 
Is ret. 8.8. pages 12 - 13. Burdlch suggests thst suit If regency scanning 
should perr.it evaluation ol the dep** ,'f ’.avers. :. :he t a 1 . lea of electro* 
magnetic constraints of the vinous layers. 

Caper imencs ot the t;,pe necessary for evaluating the PASS program 
would be useful here, certainty it will be neeeeaary to hive frequencies 
which penetrate to various depths in the forest and perhaps to the floor. 

It is suggested that soot attention be given to thia problem and , 
if possible, the PASS experiments be extended with this possible application 
in view. 
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irvt problwi of serial surveillance of jungle fat*. ocher) area* to 
mr carrying rtiUa. i« » utt t,ud m Psio. haa cxtn examined and 
a luodaMDt.il ^rogric of investigation of crucial points suggested. 

Application of pulse -modulated dopplar oat hod a to varloua cypaa of 
ancl-aabush radar haa baan examined ana tentative specifications outlined 
for required performance . rhe *«proach seems feasible and It la 
suggested that the subject be investigated further. 

It la also suggested chat the PASS a« T erlaeats be sot up to obtain. 
U addition, the date necessary to answer questions of ths feaUblllry of 
radar tupping for trails and corridors. 


■ 8 . 20 - 


» 


j I SECTIW * 

I ACOUSTICS AH) CfOPHYSlCS 

i i 

| TMs section dealt with acouttict and general geophysical net hod* of 

I 

I possible interest for antl-g uerl 1 la application. A partial survey It 

| preaented of ralavant data and fact<na buering on the uae of acoustic 

detection devices In heavy vegr t * t * 
j analvted. A short discussion of applltationa Is given. 

Pertinent geophysical prospecting net bod* end equipment ere reviewed 
In cursory fashion and tone staple calculations re*. ling tr cha potential 
I utility of negnetoaectr* art given. 

carrots 

9.1. Acoustics Siamary 

9.1.1. Introduction and Simtery 

9.1.2. Hearing 

9. 1.2.1. Loudness 

9. 1.2. 2. Dlffsrsntlsl Sensitivity 

9. 1.2. 3. Masking 

! 9.1. 2. A. Snatch 

I 9.1.3. Sound 

I 

i 9. 1.3.1. Attsnuatlon 

I 

9. 1.3. 2. Divergence 

9. 1.3. 3. Absorption 

9.1. A. Listening Distances In Jungle 

I 9.1.3. Devices 

I 

j -9.1* 


I 


9 I >.l Parabolic teflector* 


9- 1.5. 2. Obstacle Array Unau 
9 1.5.3. Path Length Acoustic Lanaaa 
9.1.6. Bibliography 
91.1. IPd i\m*LX 

The hiMB ay* aod aar ara truly phenomenal Instruments tor 
detection of light and toutd. It la not possible la raallty *o improve tha 
aanaltlvlty of these Instruments In that tha aya la limited by photon 
eoergy and tha aar la at tha thrathold of thermal noiaa. Tha vetlvus 
optical obaarvlng techniques ara designed to exploit the human cy*. It la 
tha purpoaa of thla dlacuaalon to determine what ha r or not tha aar can ba 
exploited uaing round -gather lag equipment ro detect personnel a o waan t In 
tha jingles of Southeast Aaia. In ordar to determine the poaalhu •-♦ventages 
of uaing round gatharera. It la flrat nacaaaary ro under a tend tha perfor- 
mance Of th* hman tar. ' The #«r>^ fi*r» n» rmytrr at «#»»••»# rh* 

anca of tha ear from a tone, apeech aod noiaa viewpoint, heat, tha subject 
■attar uf Jungle acoustics la discussed in which tha tumidity and terrain loss 
coefficients of absorption are dominating factors. At this stage of tbo inves- 
tigation it does not appear nacaaaary to diacuaa tha taaporatura aod wind 
diffraction of sound nor the phyalca associated with tha absorption phenomena. 
Making use of tha performance of tha aar and terrain and divergence loaata for 
sound pressure, estimates era made on how far certain noises can ba hoard in 
a Jungle. 

Ve neat proceed to tha dlacuaalon of sound concentrators. Th# mat hods 
of sound concent ration considered are: 

1) mirrwra, 




2) obststlr «dJ p«ih*l*.igth icnses, and 

3) tubular Microphones. 

It 1* shown In ths dlscusslou on Jungle acoustics that th# hast 
list suing ran«* »• around 200 cps, tdilch has a charactsristlc vavelength 
of six f*»t. Tit* lesson fnr tha 200 cps wavelength being the bast wave* 
length listening frequency is that the traas and foliage rcattar the 
sounds whose wavelength* are smaller than th* aitaa of the leaves and 
limbs of th* trees, th* 200 cps waves flow over obstacles whose 
characteristic lengths are staallsr than six feat, frost an acoustical 
parabolic mirror viewpoint, it la necessary that the dlsMter of such 
mirror* ba several wavtltngtha In diameter In order to achieve direction- 
ality and gain. Such devices do not appear to be feasible for transporta- 
tion throuth denes Jungles but might find application on the pari meter of 
tha jungl*. Obstacle end path length acoustical lenses enclosed by horns 
likewise require large fia&ctera for low frequency listening, tubular or 
line microphone* achieve directionality by sound Interfere*** of waves 
striving off sale. Such microphones era high.'y directional but likewise 
to achieve directionality and gain in the 200 cps region will require 
tuba lengths In excess of tha characteristic wavelength. Hanes, these 
microphones likewise do not appear to be attractive for listening in dense 
Jungles, they do appear to be attractive for application on the periphery 
of the Jungle or for listening et night for noises outside of a stocked*, 
leceuet of th* open rang* associated with stockades, Che lengths or 
diameters of th* acoustic mirrors, lenses, or tubular microphone* wnuld 
not have to be Urge. Th* work will have to be extended and representative 



sound 'Mil** ring equipreru ba constructed snd tested undsr fisld conditions 
to dstsmin* the ultlnete worth of scoustlc listening dsvicos. 

9 1.2. bearing 

li t ear Is • very remarkable lnstnsnsnt . It csn respond Co 
pleasures sa low as IJ** dynsa cm' 2 which products a deflection of the 
• 9 1 

eardrum of shout 10 cm . Ihs sar can also withstand sound praasuraa of 
10^ to 10* dynts cs^. It :• |u«t not a pressure sensor but a roeiples 
•echanitn which in conjunction with the brain becomes • e/atem of filtara 
with tha ability to Judpa loudness, pitch and what can ba callsd nuaicnl 
quality. Tha ear la at tha Unit of tha praaaura fluctuation enlacing in 
gasee and hanca any more aansitivlty woulu raault In therMl nolsa 
datactlon. Aa a starting point for tho discussion on Jungle acoustic • 
and guarilla warfare, wa discuss a few of tho parfonaanco charset aria ties 
of tha aar. Tha information on hsarlng will ba combined with physics 
calculations on sound propagation to analyst tha aural datactlon problem 
in the jungle. 

V. 1.2.1. Loudness (Ufa. 9.1. - 9.3.) 

Tha concept of soft, loud, vary loud, ate., la placad 
on a quantitative basis by comperlog tha sound with a standard sound. 

Tha standard sound la chosen aa a 1000 -epe cone. The loudness of any 
other sound is defined aa tha sound praaaura loval of a 1000-cpa tons 
that aounda aa loud aa tha sound In question. Tha unit of loudaoss la 

9.1. Acoustics . L. Bets nek, HcCrew-Hlll, 1934 

9.2. Acouaclcal Engineering . H. F. Olson, Van Mostrend, 1997 

9.3. Handbook of Kolas Control . C. M. H*rrl§, McGraw-Hill , 1937 

i 
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th« "phon." For exopU, a aound la aalJ to hava a loudnaaa of 50 phona 
If tha aound pressure laval of a 1000*cpa tona of 50*db aound* at loud. 
Figure 9.1.1 fi»» fonronr linaa of equal lv>ulneaa for normal ears. 

Tha phon unit laplia* that a "Jury" of aara la uaad to Maaura tha 
| aound. A distinction la nad* batwaan "loudness" and "loudnat* laval." 

i Th« unic uf loudnaaa laval la tha "phon" which ha* baan d'flnod. Tha 

j unit of loudnaaa la tha "tone." By definition, a loudnaaa of on* aon* 

haa hear arbitrarily aalactad to corraapond to a loudnaaa laval of 40 
phon*. One* again a "Jury" of aara ara uaad to answer qucatlona auch a* 
j "how nuch loudar la a aound of 50 dh than a aound of 40 db?" Tha raaulta 

of auch data ml nation* can b# rapraaantad within eartaln Units by 

lot l0 H - 0.03 4 - 1.2 

I 

whar* 

| H » loudnaaa, tone* 

I 

• leudatt* level, phon* 

Figure 9.1.2 la a noaograa for phona va. aonaa. Froa a loudnaaa 
vlawpuic: lat u* conaldar a ainpla aound conaiatlng of two wldaly 
aaparsrad tones , asy 3C0 tad 7000 epe. If each ot tha two component* 
had a iM«l praaaura laval equal to a 1000- cp* tona at 40 db, than aach 
component would hava a loudnaaa laval of 40 phona utitt aound ad separately. 
Whan ebas* tones ara judged together a "sound Jury" would glvo a loud- 
ness rating closa to 50 phona and not 00 phona. Banco on a wall- 
separated tone* the tone actl* la additive but not on the phoo seals, 
froa a no lea viewpoint a reduction of 2 aonaa to 1 tons la equivalent to 
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stating that the loud™*** bn been reduced to one-helf lta fonMr value, 
lo the cm* of on*- and two-tar lltttnlng, th* son# valua l* halved when 
only on* **r 1« uitd. sod h*nc« additional loudn*** l*v*l it required tc 
•ikt the loudest* *qu*l to two-ear ll»t*nlng. 

9. 1.2. 2. Dt f f«r*ncl*l Sensitivity to So und Pressure end 
Frequency (fcef. 9.1) 

A person esn detect * change In sound prersur* l«v*l 
of sbout i-db tor *ny ton* b«iu«cn 50 to 10,000 cp* If th* l*v*l of th* 
ton* It greater th*n 50-db *bov* th* thr**hold for th«t ton*. For 
sound pressures 1*** than 40-db, l*v*l changes In the range 1 to 3 db 
•r* required. 

For frequencies sbov* 1000 cpt *nd pressure levels In 
ucess of <»0 db, th* nlni«\« perceptible change lo frequency which th* 
ear cen detect Is about 0.3 per cent. At frequencies below 1000 epa end 
pressure levels In excess of 40 db, th* ear can detect a change In 
frequency of as little as 3 cps. At low prsssure levels and particularly 
at low frequencies, th* wlaiwu* perceptible change in frequency nay be 
■any tines these values. 

9. 1.2. 3. Washing (lef. 9.3) 

When th* noise la so loud that a person cannot hear 
another shoutd, thst sound is said to be washed by th* noie*. Th* sane 
can be seld for on* noie* with respect to soother. 

Figure 9.1. J shows th* aaount by which the ten* nuet exceed the 
pressure space new level before it beconas audible. A 200*cpe 
pure note wust be — 1* db over th* noie* before It bsuiaai audible. A 
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quiet whisper at 5 lest l* 10 db as la the made of laavaa in • g ant la 

breets. Pron the loudneaa viewpoint a chance of 15 phone produces at 

i 

least a doubling of the loudneaa. 

I 9.1.2 4. Si (Raf. 9.1) 

Studies on the hieaan ccanun I cation show a speech 
v *?rtr alw.t 1/5 re'.ond and the average Interval between 

syllables la about 0.1 avcood. The vowel sounds are not critical to 
speech lutelliglbil ity as are the consonants. However, the consonant 
i sounds ars weak and hence can easily be washed by nolee. Tho results 

of conltorltui a lota-tine average speech at a distance of one neter In 
front of the calker era shown in Figure 9.1.4. The peaks on the root- 
mean- square sound pressure show a peak prassura of cbout SO db around 
3*? ops. Ths figure also above the relationship between the threshold 
| of availability and speech spectrum. 

9,1.3. Sound I 

I 9. 1.3.1. Attenuation 

I Tli- factors which are important in iletarslning tho 

sound level at a specified position from a point source of sound In 

I 

open sir are as felloes: 

j 1. Diverge! :• decreases due to spreading 

j 2. Attenuation of sound, 

j 3. effect Cl fug, 

4. Reflection by and diffraction around 
solid obstacles, 
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V Refraction and shadow formation by wind and 
temperature gradients. 

6. Scattering of eound by nail seal* temperature 
and vlod variation*, 

7. Reflection and absorption at the ground. 

9. 1.3.2. Divert sue* (Ufa. 9.1 - 9.3) 

The acund preaaur* level is by definition 20 times the 
logarithm of the ratio of the deteruintd sound prsssura to tha rafaranca 
sound pressure, l.e., 

SPl - 20 log •£-*- db 
ref 

In the Uni Led States P r#( Is usually taken ai 0.0002 
aicroher (2 x 10* Newtons ■* *) which is the hearing Unit for the 1000 
cyclta per seccuJ region. Since pressure falls off inversely as 
distance, we have 

SPL - 20 log lQ db 

the doubling of the distance results in a 6-db change. 

native , if the ewuud pressure level is l R at a distance x from a 

source, then tha sound pressure level L sc a distance r is 

P 

4 « l, • 20 lP| l0 ^ db 

9. 1.3.3. Absorption 

a) Air Absorption 

Tha passage of very high frequency sound 
waves through dr/ air ar* damped by viscosity, 
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thrnaal conductivity and rotational atatea of the aoleculet. 

Since we art interested In the audio range we will not concern 
ouraelvea with theae interfiling theoretical aspects of the 
absorption problea. Acoustical relaxation in ilia awiiu range 
ie Influenced by the hialdlty. The hlaldity dependence of the 
ebaorptlon coefflciunt for air at 20°C la shown In Plgura 9.1.3 
(Ref. *.2) 

The curvee show quite clearly that the high frequency 
sounds are deaped quite reaJily. C (aspiring Pigurea 9.1.) and 
9 1.3 it appears that some frequency discrimination would oecur 
at long dlstancas for the 1300-10,000 cycle# per eerond 
frequency range. Low frequency sounds art not attamiatsd hut 
the round pressure threshold <• equlV slant to — 50 declblea 
greeter then the — 100G cycles per second threshold, an 
absorption coefficient of 0.000* per cent laa ter reduces the 
Intensity of a plana wavs by a factor of t*(— 7.4) In 190 motors. 
The laboratory aaasursBenrs of Kmideen were chocked for tropical 
conditions over e hard base by tyring. A uuaperiewn of 
observations sede at 55 per cent relative hialdlty and •0°? la 
glvcu In Table 9.1.1. 
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0.011 0.020 0.045 
0.006 0.019 0.053 










It is apparent that high frequencies «ra damped out In abort 
distances by absorption alone. Hlgl. frequency effects art 

easy to observe. Tor example: the decrease lr. l*r»«*«<ry «f high 

frequency relative to lower frequency notes of a Jat plane aa it 
leaves the embarkation point is the result of high frequency 
absorption; the general decrease In overall level is the result of 
divergence. Further, the boom of distance guns or lightening can be 
explained by high frequency absorption, 
b) Forest Absorption 

The leaves, branches, and trunks of foliage will scatter sound 
waves whoss characteristic langths are lass than ths characteristic 
lengths of ths vegetation. Hence, one would expect that high 
frequency sounds would be attenuated rather rapidly In a Jungle. 

The leaser frequency sounds would also be rttenuated by genaral aound 
absorbing propertlss of the foliage but mould attenuate such less 
thao the high frequency components. There appears to ba little data 
on tungle terrain sound sbsorptloi. The only studies known to the 
author were carried out In Panama during World War IX. (Reft. 9.4 
and 9.5) The terrain lots coafflclent la daclbels per foot aa a 
function of frequency ere shown In Figure 9.1.6. 

The hearing senaitivlty curve shown in Figure 9.1.1 when 
superimposed on Che terrain lose curve «hown In Figure 9.1.6 

9.4 "Jungle Acoustic*, " C. Byring, J. Acoustical »oc. o f America. 

J£, 257-270 (1946) 

9.} "Ultrasonic Ambient Noise in Tropical Jungles," J. Baby and 

H. Thorpe, Ibid J8, 771.27) (1946) 
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Indicates that there la an optiaua frequency for lletenlng. The 
optima frequency for hearing dlatant aounda la around 200 cycled 
par eecond. The terrain Loea coaf fldenta at 200 epa for the 
Junglae, deicrtbed in tana vf seeing dlatance and eaea of 
penetration ara given in Table 9.1.2. 


Table 9.1.2 

TERRAIN LOSS COEFFICIENTS FOR JUNGLE AT 200 epa (Rtf. 9.4) 


Leafy, aeelng dlatanca 20 ft, penetration 
1 by cutting 

0.04 | 

1 

Leafy, aeelng dlatanca 50 ft, penetration 
1 difficult without cutting 

0.03 1 

Leafy, aeelng dlatance 100 ft, free walking 
| with care 

I 

0.02 

Lillie leafy growth with large bracketed trunke, 
aeelng dlatance 300 ft, penetration eaay 

0.015 


*} Sffnrd Matklnt Level In Jungle 

The seeking level curvaa for a very dance jungle are 
shown in Flgura 9.1.7. It la to be noted that Che «eet llstsn- 
ing frequency range la allghtly nolaler In the day doe chan at 
night. A crude estimate would be that one could hear a low 
frequency noiae twice aa far at night ae by day. Thla 
••tiaata la baaed on fundamental relatlonahlp that a 6-db loaa 
la equivalent to doubling the dlatance from aource to obeerver. 



r 
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L«i ui now miaiti new tar ou can dletinguiah aounda in the 
Jungle. leaed on Figure 9.1.3 we will aaauaa chat 15 daclbala above noise 
cu ba aurally detected. Further, baaed on Flg.9.1.7we will aasMe that a 
21*7 Jungle haa a Making level of 15 db. On the baele of rhea* t*n 

aaaua.pt lone, the minima detectable algnal la about 30 db. Table 9.1.3 
give* representative noU» level s and aeurcea. 

Table 9.1.3 


HOia UVILS AMD S0URC1S (Refa. 9.1, 9.3, 9.6) 


Source of Kola* Description 


Deelbele 



130 

HeaMr blow* on stsel plate 

2 ft 

114 

tlveter 

33 ft 

97 

Lion roaring 

18 ft 

87 

Kotor truck changing geera 

13-20 ft 

74 

Buay t treat traffic 


68 

Ordinary conversation 

3 ft 

63 

Saving wood 

30 ft 

61 

Raataurant 


60 

House In country 


40 

Average whisper 

4 ft 

20 

Quiet whisper 

3 ft 

10 

Rustle of leaves In gentle breeae 


10 


Let ue now aatlMte how far an ordinary coaveraatlon night ba heard 
in a jungle. To Mke the aatlMte, let ua aaauaa that a flat — Htig level 
of 20 db esl*te and that the apeach datactloa algnal la IS db above the 

9.6 "Result* of Roles Survey" R. Celt, Ibid £ 410*418 (luW) 
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ooiee. We ire differentiating between Intelligibility and detection of 
speech. TUw tool *i»ean* square speech level 1« 65 db at 3 feet. The itemed 
permissible declbela of attenuation la JO. To attenuate JO db by 
geometry alone would require 96 feet. If an overall trrraic coefficient 
of a ■ 0.05 la assumed, a person talking In the Jungle would be hoard at 
about 75 feet. If the masking level were 26 db Instead of 20 db, the 
lletenlng dletance would be reduced by approximately one hulf. 

In the cetr of a louder sound, let ue estimate how far a roaring 
lion could be heard. According to Table 9.1.3, a roaring Von would be 
equivalent to 102 db at 3 feet. Assuming an overall meeting level elgnel- 
detectlon of 30 db, w« calculate that the Hon could be beard in the 
open at e dlatence of 12,000 feet (-2.3 mllea). (We have neglected 
diffraction of eound in making this estimate.) The distance the lion 
could be heard In toe representative Jungle is 600 feet. The roar would 
be peeked at about 200 cpo. 

Teats were carried out in rename In 1944 on the dletance a 2*1/2 
ton Army iruvk wvuid be heard in the Jungle. Figure 9.1.8 ehow* the 
r=;hir; level, threshold hearing curve for everege soldier, a wlnd-nolse 
frequency curve end a truck noise frequency. 

The overall eound level for the truck was 75 db at 100 feet, which 
v*uld be equivalent to 105 db at 3 feet, keaed on s 26-db Making level 
sod 14 db additional algnal for detection of a peek tone around the 
200*cpa range, Table 9.1.4 Indicates that the listening distance la 600 
feet. Am observer who wee known to have better lletenlng ability than the 
average In the frequency rengo below 300 ego wee able to detect the truck 
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• distance ot 1000 f««t by listening tor pMk sounds. (kef. 9.4) Once 
again th« calculations ara only estimates for one does not know tha noise 
level takan at tha llattnar location nor many othar factors tdiich could 
•aka a diffaranca of savaral db. Lowering tha noiaa laval by 6 db r avisos 
tha llstantng distance calculation to lass thau 7X fsat. According to 
Tabia 9.1.4, 1000 fast corresponds to an attenuation of 94.4 db. Tha 
calculations arc not agreeing with tha experiment. If just noise laval 
was a criterion, than toaa of tha discrepancy can be accounted for. For 
sound pressures lass than 40 db, pressure level changes of 1-3 db can ba 
detected. (Ref. 9.1) In terms of sonas, a 3 db (or phone) change at a 
40 -db laval would Increase tha loudnaaa about X par cant. If tha 
detection of tha truck waa made on nolst loudnaaa and not distinguishing 
a truck sound, than tha 14 db above meriting laval could bo neglected. 

Tha detection distance for noiaa laval change would ba about 800 foot 
which la In acceptable agreruant with tha observation of 1000 foot. 

It la apparent that more Informal ion on euuad atLeuusLlon under 
Jungle conditions would be required to Improve the estimates, however, 
it la apparent that tha Jungle can be likened to a room with sound- 
absorbing walls that baa a rather high noiaa laval. Tha walla being the 
foliage and tha jungle being the source of nolso. 

9.1.5. Devices 

9.1.5. 1. Parabolic Reflectors 

Sound ilka light can ba concentrated with raf lectors 
whose geom e tries are such that tha reflected raya are focused. Tha wavo* 
length for 40S0°A light la 4 r 10* 5 cm and tha wavelength for 500 epa 



-9.14- 


h 


sound ie fee*. Hence, although the principles art cha aw, the 
characteristic disasters sr* nucU greater (or sound collectors. In the 
case ot sound* reflectors, surface Imperfections are not significant. 

The parabolic reflector la so shaped that the pencils of sound incident 
on the surface are foeused at a point. It ie apparent that in order to \ 

obtain a gala In pressura at the focus, the disaster of the reflector ! 

aust be several tinea the nave or aloe the wave will Just flow past the I 

collector. Figure 9.1.9 shows the results of some svpsrlaents on a } 

:i 

parabolic reflector 3 feet in diameter. The directional characteristics { 

ot tht nlcrophone are very sharp at ®000 cps (— 1.3* ft wavelength) and i 

nond tract Iona 1 at 200 epe (~4-ft wavelength). For listening to bird }! 

calls and watch* ticking, a 3-ft dlanatar reflector would provide 
direction and gain. The gain Is dlrsctlonally proportional to the cross 
sectional area of the reflector end inversely proportional to tbo square 
of the wavelength. 

9. 1.3. 2. Qbgtacl j__4rriy Acougtl<? ItBefil 

The velocity of sound la by definition 



p • preseuri 
p ■ density 
• ■ entropy 


For an Ideal gee the velocity of sound le given by 
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if Higgins 


Dietaace K, 
feat z 

TABU 9.1.4 SOtSD ATTBMIAT10N U J0KL8: 
(frequency 

Divergence Loee O ■ 0.05 

db 200-400 cpe 

L - 20 log “ ♦ or^-Xj) , y.j 

Range & Average Terrain Loss 

o - 0.07 o - 0.2 

500-1000 cp» 5000- lu. 000 

- 5 Feet 

Total Attenuation for 
Beat 1-1 • ten inf Tang* 
cpa a “ 0.05 . d* 

25 

18.4 

1.10 

1.54 

4.40 

19.4 

50 

24.4 

2.20 

5.08 

8.80 

26.4 

100 

50.4 

4.40 

6.16 

17.60 

54.8 

125 

52.4 

5.50 

7. 70 

22.0 

57.9 

150 

55.9 

6.60 

9.24 

26.4 

40.5 

200 

56.4 

8.80 

12.52 

55.2 

45.2 

250 

58.4 

11.00 

15.40 

44.0 

49 4 

500 

59.4 

13.20 

18.48 

52.8 

52.4 

400 

42.4 

17.60 

24.64 

70.4 

60.0 

500 

44.4 

22.00 

50.80 . 

88.0 

56.4 

600 

45.4 

26.40 

56.96 

105.6 

71.8 

700 

47.2 

55.00 

45.12 

125.2 

80 2 

800 

48.4 

55.20 

49.28 

140.8 

85.6 

900 

49.5 

59.60 

55.44 

158.4 

88.9 

1000 

50.4 

44.00 

61.60 


94.4 

2000 

56.4 

88.00 

125.20 



4000 

62.4 

176.00 




8000 

60.4 






Hence, changes Itt density «t constant pressure result In 
velocity che/ges. Tha definition of retractive Index it the ratio of Cha 


I 
I 

i , 

I 

i 

| velocity in one nedia to velocity to aoothar Mdlc. The placing of 

| obataclaa In arraya altara the propartlaa of the »edla. The refraction 

raaultlng frow the ttMnelng of obataclea in a uadis can ba explained by 
two approachaa to the problaw. When the characterlatlc length of tha 
object la ouch eualler than tha characterlatlc length of the wave, tha 

| obatacle can be conaidered (1) a> a aourca of reredlatlon, or (2) aa a 

1 

| Mane of changing tha denelty. The slupleec obataclea are sphere*- Tha 

i 

j explanation Is valid for clectranagnalic waves ae well aa acoustic vavaa. 

! •) Array of Spheres (taf. 9.7) 

i In tha caaa of alactroMgnetlc wave*, the 

i 

I apharaa are conaidered aa electrically conducting 

and In tha caea of sound wavaa the spheres are 
considered aa inaovable (rigid bodies) object#. Tha 

i 

| raradlatlon explanation la based on tha apharaa 

i becowlng snail electric or acoustic dipoles. Tha 

I 

I resultant of tha original wave and tha reredletod 

waves fora a wave having e lower velocity inside 
j the array. 

A physical approach to tha lower velocity can 

! 

j be obtained ea followa. 7w« *i«l»clrU constant of 

i 

free apace ia unity. Tha iMaralon of perfect c endue- 

i tl vicing Mtal apharaa Into free apace increases cha 

dielectric constant. Hanes, tha Index of refraction 

£7 7 "tafractlng Sound Waves," V. Koch and f, Harvey, Ibid . 21 471-431 

I ( 1949) “““ “ 


I 
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becomes greater than unity. Likewise, tha lMrilon of Infinitely 
dense (rigid) spheres i«»o air whne# relative denaity la unity raaulta 
to a mdle tu ‘ng a refractive lndax greater than unitv. Since the 
velocity ot sound in air decree*** with an Increase In the density 
at constant pressure, we need to find an explanation as to why the 
dcnalty of the gee Inside the array la greater than in free space. 

The hydrodynamics of a sphere moving in an incompressible fluid 
low at velocities shows that Che sphere has a virtual mass equal to 
1/2 the mass of the displaced fluid. A aound wave flowing over 
fixed sphere acquires an affective maaa. the density would appear 
to be 

P * > 0 ♦ l ' 2 * 0 V 

where V la the volixs* of the sphere. Hence, the effective density 
for an array of * apharaa par unit volume with a radius a would 

be 

. 2 «_ 3 „ 

p - p ♦TV" 

The refractive Index, n, for the sphere array la given by 
2 




- 1 


+(t) ■ * 3 


b) Array ot Solid bodies (tef. 9.7) 

In tha cast of incompressible fluid flow the thaorotlcal 
raaulta show that ail moving bodlaa should be affected by the 
virtual awes of the body. He net, tha maaaaa anter In the form of 
M + kM* , where M* Is the edded meat and k la coefficient depend- 
ing on the shape. Hence arrays of Irregularly ahapad objects 


would have «n index of refraction given by 


n* - i -a kM 

where N la number of obstacles per unit volume. Figure 
9.1.10 shove the indices of refraction for staple arrays. 

Plgure 9.1.11 shows the construct! on of • staple 
si «-lnch diameter disk lens and feed horn ^1 ch was 
tested at 13. 4 kc. 

The directional pattern of the lens and horn 
combination la shown in Figure 9.1.12. It ahould be 
noted that the !sne diameter was tlx times the wave- 
length (1.01") and the wavelength was twice the 
diameter of the dleke. 

It la apparent that acoustic lenaea of the 
| obstacle array type ere easy to coaatruct. However, 

for good jungle listening at 200 epe tha alse of the 
lsna would need to be aeverel wavelengths which would 
mean e cross sectional diameter of 20 feet. A lens 
In Flgurs 9.1.12 sealed for 200 epa with perforaanca 
characteristics would be 24 feet In dimeter end have 
disks 2-faat In diameter. 

9. 1.5. 3. Fath Lemth Acoustic Lenses 

The delay time associated with the virtual mass In 
oba tacit arraya can be achieved by mechanical devices to tacraase tha 
path length. Figure 9.1.13 shows serpentine plates and slant plates aa 
path length Increases. The Indices of refraction are given by 
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where 


it • 


1 


1 = p*th length through the plates 
1 q • p«th In the absence ot the pieces 

The index of refraction for the slant plate is given by 
where 

0 - angle between direction of preparation of the wave 

end the plane of the plates. 

Figure 9.1.14 shows how the serpentina plates can be used 
to obtain converging lenses, diverging lenses and prisas. 

k schematic drewlng of the operation end construction of a 
■lent plate acoustic lens enclosed by a conical horn Is shown In 
Figure 9.1.15. 

Tb« directional performance of a lens-horn microphone with 
a 29* inch sparturs eud 30-inch focal length la shown in Figure 
9.1.16. (lef. 9.8) 

It should be noted tnet the directional properties ere quite 
good at wavelengths only slightly smaller then the aperture. 

The gain varies as the square of the aperture weveleng'h ratio. 

9.8 "in Acoustic Lena se e Directional Microphone." Trane, of IM 1. 

3-7 (1954) 
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FREQUENCY IN CYCLES PER SECOND 


Figure 9,1.1 . Contour lines of equal loudness for normal 
ears. Numbers on curves indicate loudness level in 
phons. 0 db - I6~*° watts per square centimeter. 
0 db ■ 0. OC'OZOd dyne per square centimeter. (After 
Fletcher and Munson. > 


Figure 9.1.2 • Nomogram giving the relationship 
between loudness in eonee and loudness level 
in phons. 










<sr<y? 


V *T , , , 

MEAN FREQUENCIES OF BANDS »_ 
EQUAL CONTRIBUTION TO 
ARTICULATION INDEX 


Figure 9.1.4- Plot, or a spectrum level basis, 
of (1) the speech ares for • man talking in 
a raised voice; (2) :he region if "overload" 
of the ear of an average male listener; and 
(3) the threshold of .ludibitity for young ears. 
All curves are plot ed as a function of fre- 
quency ona distorted frequency seals. [Af- 
ter Beranek, Proc. .RE, 35: 880-890 1 1947) J 




3 °0 10 20 JO -10 50 60 70 80 90 100 

PER CENT RELATIVE HUMIDITY 
AT 20° CENTIGRADE 

rtptn 9.1.5- Curves allowing the absorption oi a 
plane sound wave in passing through air. at 20 
Centigrade, for different frequencies, as a fvnc- 
tion of the relative humidity. The intensity after 
a plan' wave has traveled a distance x centime- 
ters is I 0 C-" ,,t . where 1q Is the intensity at 
x 3 0 and m is the coefficient given by the above 
graph. (After Knudsen. ) 











Figure 9,1.8 - Masking Level Curve* and 
Motor Noise. * 



Figure 9.1.9* Croee- sectional view of a parabolic reflector £r~ a microphone. 
The polar grapn* show the directional characteristic*. The polar graph 
depicts the pressure, in dynes, at the microphone as a i action o i the 
angle, indegrees. The maximum response Is arbitrarily choeenas unity. 
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Figure Ludex ot Restriction litt Rigid Element Acouetic Dliirictlcn 

Arreye. 


1/2" * 0. 015" DICKS 
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Figure 9,1.11 - Diek Lene for High Frequency Sound Collection. 
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Figure 9. 
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Figure 9.1.13 - Acoustic Path Lengths. 








Plfi-r#! <<.1.15 * Slanr-Pli e-Lene-Korn Microphone. 
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Figure 9.1.16 - Dircctio:,-.; chaiawit riiU,.* a ^9 ir..;h aumttnr. 
50 inch focal lenj;;. ..i.ii.t-^i^ir-irru-horr p* icrcpho’'*. 
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9.2. Application! Problems 

Am discussed «bov« , sound can ba collactad by a variety of devices. 
iMot d incus sad abova la tha lint or" machine gurf’ microphone consisting of 
a burJla of tubaa of different lengths, or ita variants Ilka the Blectro- 
voles Mr* W2, which achlava high directionality la small volume by tic 
disturbed sound entrance to tha dtapnragu. Such microphone a arc vary 
popular In movie end television work where repression of arcs nolaaa Is 
deslvable.] Many o i these, or similar, devices could be manufactured 
from natural materials. Per exaitpla, It was suggested earl/ by B. 

Alexander that one could design exponent is 1 horns for shunting on tha 
guard losers of strategic hamlets for nlght-tlca listening. This, snd 
other ostensibly ussful applications h* ye not bean pursued under this 
contract for lack of eatabllshed requirements and date on backgrounds. 

Thai# are several difficulties Kara, first, ae discussed in 9.1, 
tha dtsign of an equipment for a given purpose is strongly affected by J 
tht *. a cure of the signals sought snd characteristic noise backgrounds. 

Thixe iie not many data on rheas from ths confHcr arse. Second, the 
nature ox ths cperition, whether it be ares or lias *surve 11 lanes, for 
eis*p*r, la Important. In ths strategic hamlet problam, tor 

example, It wculd seam desirable to pattarn tha aurvsll lance after 
warning tequlrements, Unas of fits control snd local factors. Kach 
problem may be som e w h at different. It msy be, for example, that In one 
vlllsse e horn, or other device, for ares surveillance would be best, 
whereas In another s distent barrier lino of microphones might be batter. 

Tinder certain circumstances, hi«h directionality with low gain nay be desired. 
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Third, while sound «.ullewiora m«y be i«nonabiy constructed of naturally 
occurring materials, conaidtnbly enhanced performance My be achlavad 
depend in a on associated electronics, which or iiit 1? canr.?* be manufactured 
locally. 

A desirable prelude to work on acoustic gadgstry, and even to the 
testing of various available devices, would be a survey of requirements. 

This involves determining wnat sort of acoustic detectlou la wanted, 
what kind of surveillance operation Is desired, end If poeslble, vhat 
the local noise char«cterieti«.a «re. 

Given thl* information it is a relatively simple matter, considering 
industrial U. 3. acoustics capability to design the required equipment. 

Since these requirements and associated data have not beds obtainable, 
the work on this contract has bean restrained to an examination of euch basic 
fectora aa were known. 

9.3. Geophysics 

Geophysical prospecting net nods may be of some Interest in epedalUod 
anti 'guerilla operations (ref. 9.9: 9.10). Although the use of geophonaa la 
a natural application, since thsy are highly sensitive [perhaps 100 yds. or 
nor* on foot falls can be reliably distinguished by e trained operator j geo- 
phones and other seismic methods have not been investigated In this study aa 
it was understood that such techniques were being covered by ROTS, Inyo tarn. 

The only geophysical method examined, end that briefly, was the poeslbh 
application of Mgnetlc detection methods to 

detection of ferromagnetic weapons carried by personnel, particularly 
under coodltlone of routine inspect ion or c.icvell lance and at short 
ranges ; 

9.9 Slichtsr, L. B. Csophylta Applied to ?rospecling for Ores 

Inst, of Geophysics Ho. 60 tf. Of California 

9.10 Dobrln, M. 5. Introduction to Geophysical Prospecting McCraw hill, 19(0 
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llctactluu wf vtMtwaicd weapon scores; 

°De tact Ion of underground burrow* or caves; 

^Detection of ambush*., etc. 

Four type* of technique night be epp llceble ; (i> . oa.aive, .tatlonary 
detector to register moving t.rg*. £ , (2) - pensive, po-.sb>. detector, to 
regleter stationary target*.; and thetr po—role counterparts Including ao 
active element to eubject the nearby taig.t to a strong fluid. The latter, 
of courae, are easily rejected ee a iltaple estimate above that prohibitively 
Utge field, are inquired to produce DC field, comparable to the garth', 
field at rang# a of 10 fact. 

In general, tU probleaa are familiar. The object, to be detected are 
•nail. They create a small perturbation in the earth' a field (at interesting 
distance.) irtilch may be comparable to noise in the field. The background 
fluctuation* are poorly known in areas of Interest, and temporally. However, 
•lapis calculation, lead to estimated effect, which are marginally lot era* ting 
and, therefor a, investigation la warranted. A crude measure of the region of 
applicability is Indicated by *r. account in Skiing, (ref. 9.U) of the us* of 
th# Vartan M-49 magnetometer to detect magnet. In the boot. >f aclert Purled 
under tha .new. It 1. stated that 10/4" magnets were located under 13 feet 
of anow. I The H-49 la a moderately goud magnetometer ( ♦ 37) leaaed by Vartan 
•t •<»• $330 per month.] 

Oae fact which make* magnetic detection vary difficult If not co^tlately 
unfaaalb*:#, la that the field fella off a. the Inverse cube of distance. 
Increasing magnetometer sensitivity do*, not seem to be the answer because 
of note* and dtcrcacing -.he Occasion rung* increase* th. probability of 

Skiing Vol. I5f3]1962, Dec. 
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4,t,ct,on but lh * - '“ bu “-y .« c. ..vu., Anoth . r 

nn< »» . 

Kubldlue vapor nagr..to«t.r. <*6 ES , *6 87 ) «h.r. th. tmmn 

°* , " bUV * 1 * U th * ord,r 8 hm UMd to 

1 — ‘“-.radlem fit Ida. ,h... h . v . ^ 

•Odd .emit, .ad . ..n.ltlvlty ul.lch l, often , voted .. , bout 0 .02 
In t.Tly INI tvo Mad.. X^934 re.e.rch v . pot „, a . t0 _ t „. 
u.H to —or. -gn.tlc fl.ld Intensity (raf. U) ... . 

voltage proportional to th. nagoat-ec.r U»r lr.,uoocy crcl ..,.„, 

*“ J VhUh “ ‘nnvoniont ly recorded. Th. ., dt h luU ^ lo ,^ ^ 

vlth 28 dlvlalono vhlch allo«d U.tlnctlon. of 0.02 oo th. chart. 

C * C8r '‘ , t * k ” OT — -lcropul.atlooa .uh p.rlod. 

of a «lnut. or gr.at.r and .l,h aop.ttude. .lightly 1... t h« ^ . 

.-all -agnatic .tor. occurrod th. fl.ld re^m* dUturbad. During «,x y 
af tarnooo, .Icropul.atlon. .1th porlod. of about 20 ..cond. a^Utude. 
of 0.6 - 0.8 occurred. Throughout th. -at, afternoon nod av.nl.,. . 

broader oaclll.tloo occurrad, .ith period. Ilk. „ hour or .ore, and 
tuats of 10a of imu. 

Ib«. in fact, leveral natural .ource. of noU. uhleh «m 

datactlon of —II bodle. .t lnt.re.tln, dcatuc.. difficult, th. no— 

h“ * *“* r “«* of ,r 1”“Cl... encode and ,c.i.. ^ f „ q . 

uanclaa .m give little troubl.. The annua! chan,, i. .bout JO, .nd th. 

diurnal chan,. 1. .bout 20y. Th. not., culling rro. lool.ph.rlc -a 

(temad -go.de .tor-) having -piled.. .f ,oo, and p.rlod. of 

* 1V * C “*“ t “‘ bl * troul,U - »• ••otraphical .cal. .f th... flu.tu.tlon. 

d ° °° t tC " kn ° ,ra - « th * *«“ «• —11 (1... chan th. detection 

8.12 Vartan Corp. jh.ophv.lc. Technical He-.r.nd- u- . 
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»*«*•) the problem la extremely difficult. If the scale is large, all 
measurements could be coe^.red to s datt^twi «l « u«*v et.ai.ion. Mineral 
deposits will give very Urge solitude signals (10 5 y, the largest ever 
measured, was observed over an iron deposit In Russia); however, these 
signals are reproducible and have scales of kilometers. 

A third difficulty, of course, would be the presence of (friendly) 
weapons In the vicinity of tha tea Ung inatrument. 

Foliating tha method ot Slatar and Frank (ref. 9.13) the field 
lnalde and outside a uniformly magnet lead sphere placed in an originally 
uniform field, H 0 , was determined. The expression for the field outside 
the sphere is 

H - I - grad A R 3 cos 0 [u-l] 

\ r 2 [„«: 

where p us tha rslatlva permeability, R la the sphere radius, and r and 

0 are the coord lnatee of the point of interest. An interesting caae la 

a aphera having high permeability (p>10) , which would include oaiuly 

ferromagnetic materials. In this Instance omitting tha terms ^ * \ will 

u + 2 

introduce lass tha 25% error. This indicates tha field outside a sphere 
Is independent of the permeability when It is greater than about 10 tlws 
the free »pace value. The aszlimir field strength, 3H q , occurs at tha poles. 

The field strength et the equator la aero. Tha field falls or rlaas to tha 
R 3 

undisturbed fisld strength as (-) In all radial directions. If H It tha 
* o 

earth's field (roughly one gauss) and a one tenth gaamu (10* 6 gauss) disturb- 
ance in the field cen be detected. (As indicated above, chi* v»l»* <a 

f, 13 Slater, J.C. and Frank, T..H. Electromagnetism HcCiaw aill(1947)pp 72-74 
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appropriate to modern <a*§(>»- tone (.era; , Lhe sphere could S* da r acted at a 
distance of 10* radii. 


An eetiMte or the disturbance In the magnetic field cauaad by • 
cavity In the earth la medc tn .1-1 Ur faehlon. The problem la like the 
case of a magnetised sphere in a uniform field. Bare a solution vai 
obtained by ending the field of an leolateJ magnetised sphere to the 
unifora field. Th« cavity having a lower permeability than the earth 
will produce an effect which la oppoalte to that produced by the sphere. 
The field will be decreeeed at the poles end increased at the equation; 
however, equation (1) can ba usad by merely changing the sign of the 
gradient. Twi serious problems are encountered, (l) the permeability 
of the earth is nearly one but highly variable and (2) thh field of 
Istarast la above the earth's surface; therefore, two interfaces are 
Involved. Tn. first factor la analysed by eelectlng an average value 
for rock materials. Soils are decomposed rock and era assumed to ha*e 
the Saw paimeebuity. A permeability of 1.06 (* - 1 + 4«k, k • 3 
10 ega * was selected. The other factor is neglected since 

it is aaa.mvd thst the measurement is mad* cloea lo the eertn where the 
field is not greatly different from that In .he earth. 

The term (£ ^ cannot ba aaltted in this instance awl has a 
value of 2.10* 2 . Ihe disturbances In the field strength surrounding the 
cavity are reduced by a factor 2*10‘ 2 from the case of the magnetised 
aphara. Assuming the same magnetometer sensitivity as before, the eavlr 
can be detected at 20 radii. 

9710 p 26S 



MUSSED 

U*nc«, foi a pistol, which night be approximated by an Iron sphere 
5" in diameter. the detection range might reasonably be 15 - 75'. A 
burlad crata of rifles, conaarvatlvaly equivalent to a 1 ft. iron aphara 
■ight ba datactabla at l 00 feet as would a 3' radius sphurleal cavity. 

H some practical uaa (which la questionable) could ba Made of tha ultimate 
sensitivity of vapor magnetometers , tha detection distai.ee night bo la~.*eaa«d. 

In case (2). which considers a moving dttactor, tha affoct of naturally 
occurring magnetic raglona, might ba idantiflad by their large extant co^armd 
Co tha localised affect of small, higher permeability targets. Tha large- 
scale noise may be identified or removed froo the signal by connecting • 
second detector in opposition. The second detector «•»*»• he approximately 
a hundred feat away. An alternative would ba to coopers tha signal recorded 
by a single detector with that made at a base station. 

Casa (l) has tha advantage that natural, stationary bodies will not 
contribute to the noise but t.ie geomagnetic noise problem still exists. For 
large ares surveillance, the detector could oe a Large Loop of wiro laid on 
the ground; however, any motion of the wire will *ive no lee. A wire l nop 
placed on the ground will detect e man carrying a rifle when he paeaea in or 
out of the loop (raf. 9.14). Tha loop can ba vary Urge but must be completely 
immobile. 

It Is difficult to estimate at this point vhethei such applications are 
practicable. They seem marginal at best. If the requirement is really a 
serious one — for example, to detect buried arms s teres. it may ba worthwhile 
to run a f-w slsq>le teats. Since the validity of the requlreawnt Is not known 
and cannot be demonstrated on logical grounds dorm, no positive tecoKW*atioo 
can be made. 

9.14 Shuler, K. IDA Internal Memorandum (1902) Private C< 
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macgujuikoua 

To collets the tr*sra.at of *«:«.. rtion, this section contains a brief Uet- 
ln| of un<'«t«loguea ideas which are, respectively, a) not actionable; b) were 
not analyzed, or c) were completely unproductive. 

The use of puiygrapi. techniques by village- inspect ion tease to identify 
guerillei and •yer i \i*en, falls ineo the first category. Fralialnary investl- 
if«tion indicated tbit thin method would iz technically faaelble, relatively 
single to us*, and reliable in operation, particularly with Orientals, and 
could ba put in t..* field fairly rapidly. However, it Is understood that poly- 
grapha cannot ba shipped into S.K. As Ian countries nor used by the military. 

*la the second category era a vmrlety of posaibilielas ranging fron straight 
* orw# *d epplicationa of known cathode to the development of aophleelcaead lnstru- 
tae^ts whose bctlc principles have not «veu bean defined. For anemia It la poe- 
eibla that aaiealc set Lode for e) transmitting a secure village alarm signal by 
detonation of a (pattern of f) buried explosive chargt(s); and reception by a 
directional ge^phi 'e net or b) locating burrow* by explosive sounding techniques, 
or c) geophone monitoring of canals alghc be feasible. Also, the use of conven- 
tional I» end vieible contreet photography for surveilltnc* of cynically or 
biologically inhibited food crops. M;;, ..id cr dying foliage is apparent in 
such photography. By this means one ui ch« food-control program* against in- 
surgents might be nede eeeler. Advanced possibilities are "eaoke- gradient *de- 
tectors H for use under heavy canopy, and instruments to detect charac carle tic 
scants or envlronaentelly induced skin conditions. Whereas the af or ament lowed 
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Ideas could bo analyzed, the latter :annot, at the ■ 
lumio ut witrutwna useful ia practlt il instruments la tni 

Tn the last category are, respt timely, sup gee t ions j i .. 
and rice paddies with chemicals wtil c are excited on explu 
novini: personnel, *ad for seeding pa idles, awa^pa and wJltK-i 
neacent materials In the hope of obt lining phenomena analojc 
South PtclfJc shipwakea of World War II. A brief accoimt o 

1 

given in an early paper (Ref. 10.1). Chemicals of irttre-'^j 
general problems of quantity, diaper, ion, and longevity » j i; 
Bio luminescent micro- organic ns are n- t found in freah vat- ; if* 


10. i Weeks, I. "Blolumincacenca Post bllttles" 
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